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NOTE 

This manual documents the Model G060B and Its assemblies at the revision levels identified In Section 7A. 
If your instrument contains assemblies with different revision letters, it wilt be necessary for you to either 
update or backdate this manual. Refer to the supplemental change/errata sheet for newer assemblies, or 
to the backdating information in Section 7 A for older assemblies. 
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6060B Synthesized Signal Generator 








Section 1 

Introduction and Specifications 



1-1. INTRODUCTION 

The 6060B Synthesized Signal Generator (referred to as the Generator or instrument) is a 
fully-programmable, precision, synthesized signal generator. The Generator is designed 
for applications that require good modulation, frequency accuracy, and output level 
performance with moderate spectral purity. It is well suited for testing a wide variety of 
RF components and systems including filters, amplifiers, mixers, and radios, particularly 
on-channel radio testing. 

1-2. UNPACKING THE GENERATOR 

This shipping container should include a 6060B Signal Generator, an Operator 
Information Card, a Getting Started Manual, an Instruction Manual, and a line power 
cord. Any accessories ordered for the Generator are shipped in a separate container. 

Section 2, Installation and Operation, gives instructions on inspecting your new 
Generator, and what to do if the instrument arrives with shipping damage. Reshipment 
information is also included. 

1-3. SAFETY 

This instruction manual contains information, warnings, and cautions that should be 
followed to ensure safe operation and to maintain the Generator in a safe condition. 

The Generator is designed primarily for indoor use, and it may be operated in 
temperatures from 0°C to and 50* C without degradation of its safety. 

WARNING 

TO AVOID ELECTRIC SHOCK, USE A POWER CORD THAT HAS A THREE- 
PRONG PLUG. IP YOU DO NOT USE A PROPER POWER CORD, THE 6060B 
CASE CAN DEVELOP AN ELECTRICAL POTENTIAL ABOVE EARTH GROUND. 

CAUTION 

To avoid damage to the 6060B, check that the rear panel line voltage selection 
card and fuse are correct for the line voltage in your area. The correct line voltage 
and fuse combinations are: 

LINE VOLTAGE FUSE 



100/120V ac, ±10%, 47 Hz to 63 Hz 1.5 AMP 

220/240V ac, ±10%, 47 Hz to 63 Hz .75 AMP 
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1-4. OPERATOR INFORMATION CARD 

The Operator Information Card has an adhesive backing so it may be affixed to the top of 
the Generator in bench applications or to the operator console in remote applications. A 
copy of the card is located at the end of Section 8 of this manual as a convenient reference 
or for duplication. 

1-5. GENERATOR DESCRIPTION 

Fundamental features of the Generator are as follows: 

0.01-MHz to 1050-MHz frequency range in 10-Hz steps 

+ I3-dB to -127-dBm level range in 0.1-dB steps 

AM and FM, internal or external 

Internal 400-Hz and lOOO-Hz modulation oscillator 

Relative frequency and amplitude 

Volts/ dBm conversion 

Store/recall memory 

Master/slave for frequency, amplitude, and modulation step (IF.EE488 Interface 
controlled.) 

Fluorescent display 

5 1 /4-inches high, rack mountable 

1-6. Controller Functions 

The Controller microprocessor controls all operator interface functions, performs 
background operations such as status checks, and updates (strobes) the front panel 
displays. Whether you are using local control with the front panel, or remote control with 
the IEEE-488 Interface option, the microprocessor provides .self test and diagnostic 
capability. Economical instrument performance is achieved by using software 
compensation EPROMs and accuracy-enhancement circuitry. 

1-7. LOCAL CONTROL 

The value of the basic output parameters of the Generator, i.c., amplitude, frequency, or 
modulation can be controlled in three ways: 

Direct numeric entry 

Incrementing or decrementing the bright digit 

Step-up or step-down entry where the step size can be operator programmed 

Other controls provide selection of the POWER ON/OFF, RF OUTPUT ON/OFF, 
MODULATION ON/OFF, internal/external frequency reference, and STATUS. 

1-8. DISPLAY FIELD 

The programmed values of modulation, frequency, and amplitude are displayed in the 
three display fields. 
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1-9. REMOTE-CONTROL PROGRAMMING 

The Option -488 IEEE-488 Interface allows the Generator to be remotely controlled with 
any IEEE-488 bus controller. The instrument can also be used on the 1EEE“488 bus 
without a controller in a listen-only or talk-only mode by selecting the appropriate 
Generator rear panel IEEE-488 switch settings. 

All instrument controls can be remotely controlled except the POWER ON / OFF and the 
rear panel REF INT/EXT switches. The Option -488 IEEE-488 Interface provides 
additional commands not available with local control, such as data transfer and 
individual control of internal I/O control bits. 

The Option -488 IEEE’488 Interface allows two Generators to track amplitude, 
frequency, or modulation in a master/ slave configuration when using the front panel 
step-up and step-down entries on one of the instruments. For instance, frequency 
tracking is convenient for tests involving mixers, and amplitude tracking is useful for two- 
tone intermodulation testing. 

1-10- Frequency 

The specified frequency range is 0.01 to 1050 MHz. The frequency is synthesized from a 
10-MHz reference and provides an output resolution of 10 Hz over the entire frequency 
range. The relative frequency mode allows the frequency to be programmed in relation to 
a center frequency or an offset frequency. This is convenient for testing filters and mixers. 
The output frequency stability and accuracy depends on the reference, whether that 
reference is internal or external. 

1-11, Reference 

The internal frequency reference is a 10-MHz ambient crystal oscillator. If Option -130 
High Stability Reference or the option -132 Medium Stability Reference is installed, that 
oscillator is locked to the internal crystal oscillator. With the rear panel REF INT/ EXT 
switch set to INT, the Generator output frequency is synthesized from the internal 
10“MHz crystal oscillator reference, and the internal oscillator (timebase) signal is 
available at the 10 MHz OUT connector. 

The Generator can be operated from an external 10-MHz timebase by setting the rear 
panel REF INT/EXT switch to EXT and applying a timebase signal to the REF IN 
connector. 

With the REF INT/EXT switch set to EXT, the Generator can be operated from an 
external 1-, 2-, 2.5-, 5-, or 10-MHz, 0.3V to 4V peak-to-peak sine or square-wave 
reference applied to the REF IN connector. In either position of the INT/EXT switch, 
the selected reference is available as a lO-MHz signal at the rear panel 10 MHz OUT 
connector. 

1-12. Amplitude 

The Generator has a specified signal level range from +13 to -127 dBm with programming 
limits of +19 and -147.4 dBm. This corresponds to specified terminated voltages of IV to 
0.1 /xV and limits of 2V to 0.01 /iV, respectively. The maximum usable signal level is 
approximately +15 dBm. The level entry can be in dBm or volts, or it can be converted 
from one to the other. In addition, the relative amplitude mode allows you to account for 
cascaded gain or loss, or to display the level (in dB) relative to 1 mV or 1 mV. 

1-13. Modulation 

Both internal and external amplitude modulation and frequency modulation capability is 
available. The internal modulation oscillator is selectable between 400 Hz and 1000 Hz. 
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AM depths of()% to 99% are available in 1% steps. FM deviation ranges of I kHz, 10 kHz, 
and 100 kHz are available in steps of 1 Hz, 10 Hz, and 100 Hz, respectively. 

1-14. OPTIONS AND ACCESSORIES 

The following options are available for the Generator: 

Option -1 30 High-Stability (Ovened) Reference 
Option -132 Mediurn-Stability Reference 
Option -488 IEEE Interface 
Option -651 Low-Rate FM (External only) 

Option -830 Rear RF OUT and MOD IN Connectors 

Section 6 provides more detailed information on the options. 

The following accessories are included with each Generator: 

The following accessories are available for the Generator: 



DESCRIPTION ACCESSORY 

NO. 

Rack Mount K.it. Includes M05-205-600 (5 I/4-inch Y6001 
Rack Mount Ears) and MOO-280-610 (24-inch Rack Slides) 

IEEE-488 Shielded Cable, 1 meter Y8021 

IEEE-488 Shielded Cable, 2 meters Y8022 

IEEE-488 Shielded Cable, 4 meters Y8023 

Coaxial Cable, 50 ohms, 3 feel, BNC (m) both ends Y91 1 1 

Coaxial Cable, 50 ohms, 6 feet, BNC (m) both ends Y91 12 



1-15. RECOMMENDED TEST EQUIPMENT 

The test equipment recommended for the performance tests, calibration adjustments, 
and troubleshooting are listed in Table 4A-1. This equipment is assumed to be calibrated 
to the manufacturer’s specifications. If the recommended test equipment is not available, 
equivalent te.st equipment can be substituted. 

1-16. MNEMONICS 

The mnemonics used on the schematics, block diagrams, wiring diagrams, truth tables, 
and in the text, are iLsted in Figure 8-1. 

1-17. SIGNAL GENERATOR SPECIFICATIONS 

Unless otherwise noted, the following performance is guaranteed over the specified 
environmental and ac power line conditions 20 minutes after turn-on. Table l-I lists the 
Generator specifications. 
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Table 1*1. Signal Generator Specifications 



Warranted performance, 20 minutes 
range. 


after turn-on within operating temperature 


FREQUENCY (8 1/2-Digit Display) 




range 


.... 0.01 MHz to 1050.0 MHz in 3 bands: 
0,01 MHz to 244.99999 MHz, 

245 MHz to 511.99999 MHz, 

512 MHz to 1050 MHz. 


resolution 


10 Hz. 


ACCURACY 


.... Same as reference (See REFERENCE). 


reference (Internal) 


.... The unit operates on an internal 

free-air ID-MHz crystal oscillator, 
aging <iJD.5 ppm/mOnth and <+5 ppm for 
25®C, +25®C- Internal reference 
signal (10 MHz) available at rear 
connector. Level >0 dBm, terminated 
in 50 ohms. 


REFERENCE (External) 


Accepts 1, 2, 2,5/ 5, or 10-MHz signal. 
Level of 0.3V to 4.0V p’p into 50 ohm 
termination. 


AMPLITUDE C3 1/2-Oigit Display) 




RANGE (Indicated) 


.... +13 (+13 peak on AM) to -127 dBm; 
(Autoranging 6-dB step attenuator). 


RESOLUTION 


.... 0-1 dB (<1% or 1 nV in volts). 


ACCURACY 


.... +1.0 dB (20°C +5°C) at and above 
0.4 MHz; below 0.4 MHz +2 dB at or 
above -100 dBm and ±3 dB below -100 
dBm. 


SOURCE SWR 


.... <1.5 below 1 dBm and at or above 0.4 




MHz; <2.0 elsewhere. 


SPECTRAL PURITY (CW ONLY) 




SPURIOUS 


.... <-60 dBc for offsets greater than 10 
kHz. Fixed frequency spurs are <-60 
dBc or <-140 dBm whichever is Larger. 
<-55 dBc for frequencies <100 kHz. 




NOTE 




"dBc" refers to decibels relative to 
the carrier frequency, or in this 
case, relative to the signal level. 


HARMONICS 


.... <-30 dBc from 0.1 MHz to 1050 MHz. 
<-26 dBc from 0.01 MHz to 0-1 MHz. 
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RESIDUAL FM (rms 1n 

0.3-kH:! to 3-kHa Band) <10 Hx for 245 MHz to 512 MHz; <20 Hz 

elsewhere C20'^C +5°C). 

RESIDUAL FM Crms in 

0.05“kHz to 15-kHz Band) <22 Hz for 245 MHz to 512 MHz; <44 Hz 

elsewhere (20®C ±5®C). 

residual am Cin 

0.05-kHz to 15-kHz Band) <-60 dBc. 

AMPLITUDE MODULATION (2-Di9it Display) 

DEPTH RANGE 0% to 99%. 

RESOLUTION 1%. 

ACCURACY +(2% + 4% of settinQj for internal 

rates, for depths 90% or Less and peak 
amplitude of +13 dBm or Less. 

DISTORTION <1.5% total harmonic distortion (THD) 

to 50% AM, <3% to 70% AM, <5% to 90% 

AM at internal rates, except for 
frequency >950 MHz and carrier power 
>+8 dBm, where specified performance is 
<3% THD to 70% AM, <5% THD to 90% AM. 



BANDWIDTH (3 dB) 20 Hz tO 30 kHz. 

INCIDENTAL FM <0.3f^ for internal rates and 30% AM, 

FREQUENCY MODULATION C3-Digit Display) 

DEVIATION RANGES 1G0 Hz to 999 Hz, 1 kHz to 9.99 kHz, 

and 10 kHz to 99.9 kHz. 

MAXIMUM DEVIATION Lesser of 99.9 kHz and 2f f above 

245 KHz, or 2f (f +800) Sefow 245 
MHz, where f ■{$ in MHz; '100)/3 
kHz, below 074 MHz (f^ in kHz). 

RESOLUTION 3 digits. 

ACCURACY — +7% for rates of 0.3 kHz to 20 kHz 

(0.3 to 1 kHz for f <o.4 MHz) and 
>l00“Hz deviation. 

DISTORTION <1% THD for rates of 0.3 kHz to 20 kHz 

(0.3 to 1 kHz for f <0.4 MHz) and 
>100-Hz deviation. 

BANDWIDTH (3dB) 0.02 kHz to 100 kHz; unspecified for 

f^ <0.4 MHz. 

INCIDENTAL AM <1% AM at 1-kHz rate, for the maximum 

deviation or 50 kHz, whichever is 
Less. 
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Table 1-1. Signal Generator Specifications (cont) 

MODULATION SOURCE 

INTERNAL 0.4 kHz or 1 kHz, +3^ for 20°C to 

add +0.1%/®C outside this 

range. 

EXTERNAL ±5V max.; IV peak provides indicated 

modulation index. Nominal input 
impedance is 600 ohms. 

* Any combination of internal AM, 

internal FH, external AM. and external 
FM. Modulation may also be disabled. 
The nominal input impedance with both 
external AM and external FM enabled is 
560 ohms. 

GENERAL 

TEMPERATURE 

Operating 0®C to 50°C C32®F to 122°F). 

Non-Operating -40®C to 75®C <-40°F to 167®F). 

HUMIDITY RANGE 

95% to S0«C, 75% to 4U«'C, 45% to 50°C. 

ALTITUDE 

Operating Up to 10,000 ft. 

VIBRATION 

Non-Operating 5 Hz to 15 Hz at 0-06 inch, 15 Hz to 

25 Hz at 0.04 inch, and 25 Hz to 55 Hz 
at 0.02 inch, double amplitude (DA). 

SHOCK 

Non-Operating Bench handling per MIL T 2 8800C Class 

5, Style E. 

ELECTROMAGNETIC 

COMPATIBILITY The radiated emissions induce <3 uV 

(<1 uV of the Generator's output 
signal) into a 1-inch diameter, 2-turn 
Loop, 1-inch from any surface as 
measured into a SO-ohm receiver. 

Also complies with the following standards; 

CE03 of MIL-STD-461B (Power and interconnecting leads), 0.015 MHz to 
SO MHz. 

RE02 of MIL-STD-461B (14 kHz to 10 GHz). 

FCC Part 15 Cj), class A- 
ClSPR 11. 

Width Height Depth 

43 cm 13.3 cm 50.8 cm 

17 in 5.25 in 20 in 
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Table 1-1. Signal Generator Specifications (cont) 



POWER 100. 120, 220. 240V ac +10%, 47 to 

63 Hz, <180 VA (<15 VA, with Option 
“130 instaLled, and the Generator 
turned off (standby). 

WEIGHT <15.7 kg (35 Lbs). 



NON-VOLATILE MEMORY 

50 instrument states are retained for 2 years (typically), even without 

ac Line power applied. 

reverse power protection 

PROTECTION LEVEL Up to 50 watts from a 50-ohm source, 

0.01 MHz to 1050 MHz. Withstands up to 
50V dc. Protection is not provided 
when the Generator is off. 

606OB OPTION -130 HIGH STABILITY REFERENCE 

AGING RATE <±5 x 10"'*°/day, after 21 days 

continuous operation. 

TEMPERATURE STABILITY <±2 x (Oven remains powered 

in standby). 

6Q60B OPTION -132 MEDIUM STABILITY REFERENCE 

AGING RATE <±1 x 10"^/month after 5 days 

continuous operation. 

TEMPERATURE STABILITY ........... <+1 x 1Q"^/°C (0 to 50®C) 

(no powered standby). 

6060B OPTION -48S IEEE-488 INTERFACE (IEEE Std 4S8-197S) 

INTERFACE FUNCTIONS SHI, AH1 , T5, TEO, L3, LEO, SRI, RL1 , 

PPO, DC1, DTI, CO, and El. 



6060B OPTION “651 LOW RATE EXTERNAL FM 

MAXIMUM DEVIATION 

DROOP 

BANDWIDTH (3dB) 

MAX DC INPUT 

INCIDENTAL AM 



9.99 kHz. 

<15% on a 10-Hz square wave. 

0-5 Hz to 100 kHz (typical). 

±10 mV. 

<1% AM at 1-kHz rate and deviation <10 
kHz. 



SUPPLEMENTAL CHARACTERISTICS 

The following characteristics are provided to assist in the application 
of the Generator and to describe the typical performance that can be 
expected. 

FREQUENCY SWITCHING SPEED <100 ms to be within 100 Hz. 
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Tabl« 1-1. Signal Gonerator Specifications (cent) 



AMPLITUDE SWITCHING SPEED <100 ms to be within 0.1 dB. 

AMPLITUDE RANGE ProgrammabLe to +19 dBm and -U7.4 

dBm, usable to +15 dBm. Pixed-range, 
selected by special function, allows 
for more than 12 dB of vernier without 
switching the attenuator. 

NOISE Cat 20-kHz offset) <-113 dBc/Hz (except <-107 dBc/Hz 

below 245 MHz and above 512 MHz). 

RESIDUAL FM Crms in 0-3 to 3 kHz) Approximately a linear function of 

output frequency between the following 
typical band-edge values: 

15 Hz at 0-1 MHz to 17 Hz at 244.99999 
MHz. 

6 Hz at 245 MHz to 8 Hi at 511-99999 
MHz. 

12 Hz at 512 MHz to 17 Hz at 1050 MHz. 



EXTERNAL MODULATION Annunciators indicate when a IV peak 

signal is applied, ±2%, over a 0.02- 
kHz to 100-kHz band. 

IEEE All controls except the power switch 



and the internal/external reference 
switch are remotely programmable via 
IEEE-488 Interface (Std 488-1978). 

ALL status including the option 
complement are available remotely. The 
Store/Recall memory data may be 
transferred via an external controller- 
In talk-only, the appropriate commands 
are generated when the front panel 
step-up and step-down entries are made 
to control another 6060B, a 6060A, a 
6070A, or a 6071 A. (The 6070A and 
6071A only have FREQUENCY STEP.) 

frequency drift <1 ppm/hr after 1-hour warmup at 

constant ambient temperature using 
internal free-air crystal. 



1-9/MO 








Some semiconductors and custom iC’s can be 
damaged by electrostatic discharge during 
handling. This notice explains how you can 
minimize the chances of destroying such devices 
by: 

1. Knowing that there is a problem. 

2. Learning the guidelines for handling them. 

3. Using the probedures, and packaging and 
bench techniques that are recommended. 



The Static Sensitive (S.S.) devices are identified in the Fluke techhiCal manual pdrts list with the symbol 





2. KEEP PARTS IN ORIGINAL CONTAINERS 



UNTIL READY FOR USE. 4. HANDLE S.S. DEVICES BY THE BODY 
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5. USE STATIC SHIELDING CONTAINERS FOR 
HANDLING AND TRANSPORT 



WHEN REMOVING PLUG-IN ASSEMBLIES, 
HANDLE ONLY BY NON-CONDUCTIVE 
EDGES AND NEVER TOUCH OPEN EDGE 
CONNECTOR EXCEPT AT STATIC-FREE 
WORK STATION. PLACING SHORTING 
STRIPS ON EDGE CONNECTOR HELPS TO 
PROTECT INSTALLED SS DEVICES. 




6. DO NOT SLIDE S.S. DEVICES OVER 
ANY SURFACE 




7. AVOID PLASTIC, VINYL AND STYROFOAM' 
IN WORK AREA 



9. HANDLE S.S. DEVICES ONLY AT A 
STATIC-FREE WORK STATION 

10. ONLY ANTI-STATIC TYPE SOLDER- 
SUCKERS SHOULD BE USED. 

11. ONLY GROUNDED TIP SOLDERING 
IRONS SHOULD BE USED. 



A complete line of static shielding bags and acces- 
sories is available from Fluke Parts Department, 
Telephone 800-526-4731 or write to; 

JOHN FLUKE MFG. CO„ INC. 
PARTS DEPT M/S 86 
9028 EVERGREEN WAY 
EVERETT, WA 98204 



PORTIONS REPRINTED 

WITH PERMISSION FROM TEKTRONIX, INC. 

AND GENERAL DYNAMICS, POMONA DIV. 



* Dow Chemical 
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Section 2 

Installation and Operation 



This sSTs^ribI!°ow to install and operate the Generator. 
information for an initial inspection, setting up the instrument, and local and remote 

operation. 

The Generator is^shipped in a special protective container that should prevent 
during shipment. Check the shipping order against the contents of the container and 
report any damage or short shipment to the place of purchase or 
Technical Service Center. Instructions for inspection and claims are included on the 

shipping container. 

If reshipment of the Generator is necessary, please use the original shipping container. If 
the original container is not available, use a container that provides adequate 
during shipment. It is recommended that the Generator be surrounded by 
inchef of shock-absorbing material on all sides of the container. Do not use loose fill to 
nad the shipping container. Loose fill allows the Generator to settle to one corner ol the 
shipping coXiner, which could result in the Generator being damaged during shipment. 

2-3. SETTING UP THE GENERATOR 

The following paragraphs describe how to set up the Generator_ for operation. Ihis 
information includes: line power requirements, line voltage selection procedures, fuse 
replacement procedures, and rack mounting instructions. 

2-4. Line Power Requirements 

The Generator uses a line voltage of 100 or 120V ac rms (± 10%) with a 1.5A fuse c>r220y 
or 240V ac (± 10%) with a 0.75A fuse. The line frequency must be between 48 to Hz. 
The power consumption of the instrument is <180 V A with a full option complement. 

2-5. Line Voltage and Fuse Selection 

CAUTION 

Verify that the Intended line power source matches the line voltage setting of 
your Generator before plugging In the line power cord. 

Refer to Figure 2- 1 to set the line voltage of the Generator to match your available source. 
Figure 2 - 1 also shows how to replace the line fuse of the Generator . The correct fuse value 
for each of the four line voltages is listed on a plate attached to the rear panel of the 
Generator. 
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2-6. IEEE-488 Address 

If the IEEE488 Interface option is installed, the IEEE^88 address can be selected usinn 
the switches located next to the IEEE^88 connector on the rear panel Talk-onlv and 
listen-only modes can also be selected on this switch. 



2-7. RACK OR BENCH MOUNTING THE GENERATOR 



CAUTION 

Allow at least 3 inches of clearance behind and on each side of the Generator to 
ensure proper air circulation. 

To meet the specified radiated emissions, the IEEE-488 connector must be 
terminated with a shielded IEEE-488 cable, such as a Fluke Y8021. 



me 



uenerator normally operates on an internal reference oscillator. However if 

R FrtNT/% YT setting the rear pa’nel 
Ktt I NT/ EXT switch to EXT and connecting the external reference to the REF IN 
connector. 



CAUTION 

When operating on the internal reference, a 10-MHz signal is present at the 10 
MHz OUT connector on the rear panel. To meet the specified radiated emissions, 
. terminated with a BNC non-shorting dust cap. A dust cap. 

JF 478982, is supplied with the Generator. If a cable is connected, it must be a 
double-shielded coaxial cable such as RG-223 terminated in a 50X1 load. 



CAUTION 

Output spectral degradation occurs if the Generator is operated on infernal 
reference with an external reference signal applied. 



™ f bench or mounted in n standard 

U4-mch deep) equipment rack. Use the Fluke Y600 1 Rack Mount Rit for mounting the 
generator on an equipment rack. Instructions for installing the Generator with the Rack 




[ 
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Mount Kit are provided in the kit. The outside dimensions of the Generator are shown in 
Figure 2-2. The Rack Mount Kit is composed of the following parts: 

5-1 /4-inch Rack Adapter, P/N M05-205-600 
24-inch Rack Slides, P/N MOO-280-610 

2-8. GENERAL OPERATING INFORMATION 

The following paragraphs contain general information on the operation of the 
Generator. This includes all the information required to familiarize the you with the 
instrument and the differences between local and remote operation. 

2-9. Familiarization 

Figure 2-3 shows the front panel controls, indicator, and connectors and Table 2-1 
describes the features. 

Figure 2-4 shows the rear panel controls, connectors, and switches and Table 2-2 
describes the features. 

2-10. Local Veraes Remote Operation 

There are two modes of controlling the output of the Generator. One mode uses the keys 
on the front panel; this is called local operation. The other mode is available when the 
IEEE488 Interface option has been installed, and an IEEE-488 controller is used to 
control the Generator. This is referred to as remote operation. An overview of local 
control is presented first. The next heading, Operating Reference Material, is divided into 
two parts. The first part covers local and remote control operations that have similar 
entry methods. The second part, Remote Operation, contains information on commands 
or descriptions that pertain only to remote operations. 

2-1 1 . Power-On Sequence 

When the Generator is turned on, a power-on sequence is started. During the power-on 
sequence, the microprocessor tests the analog circuitry, the program ROM, the scratch- 
pad RAM, and the front panel displays. The front panel displays are tested by lighting all 
segments for a brief period at the same time the rest of the self tests are performed. 

If any of the self tests fail, an error code is displayed. If the operator initiates any front 
panel entry before the power-on sequence is completed, the self test is aborted, and the 
Generator is set to the state it was in when turned off. In addition, the RF output is turned 
on. Table 2-3 lists the Instrument Preset State. Power-on instrument settings that relate 
to the optional IEEE-488 Interface are described in the Remote Operation paragraphs in 
this section. 

2-12. Changing Output Parameters 

The four parameters of the Generator (i.e., frequency, amplitude, amplitude modulation 
(AM), and frequency modulation (FM)) may be changed by one of three methods: 

FUNCTION-DATA-UNIT 
Bright-Digit Edit 
Step Entry 

These different methods all accomplish the same result but use different approaches. The 
reason for this apparent redundancy is to reduce the chance of error during complex test 
procedures that require continuously resetting parameters or in those cases when a test is 
partly under remote control and only some of the parameters require changes. 
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Table 2-1. Front Panel Controls, Indicators, and Connectors 



1 

1 



1 

1 

1 





MODULATION 


A three-digit display, with associated indicators used to 




DISPLAY 


display the AM depth# FM deviation# source of modulation 




FIELD 


signal# and modulation frequency. 




INT AM 


Indicates that the internal modulation oscillator signal 
is amplitude modulating the Generator. 




EXT AM 


Indicates that the Generator is amplitude modulated by the 
signal connected to the MOD INPUT connector. 




INT FM 


Indicates that the internal modulation oscillator signal 
is frequency modulating the Generator. 




EXT FM 


Indicates that the Generator is frequency modulated by the 
signal connected to the MOD INPUT connector. 




STEP 


Indicates that the Step C 3 or C * I] keys (Step Entry) 
affect the current Modulation display value. 




y. 


Indicates that the value displayed is the AM Depth in 
percent. 




kHz 


Indicates that the value displayed is the FM Deviation 




DEV 


in kHz. 




400 Hz 


Indicates that the internal modulating frequency is 400 Hz. 




1000 Hz 


Indicates that the internal modulating frequency is 1000 Hz. 




EXT HI 


Indicates that the external modulation signal is more than 
2% above the nominal IV peak requirement for calibrated 
operation. 




EXT LO 


Indicates that the external modulation signal is more than 
2X belou the nominal IV peak input requirement. 
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Table 2-1. Front Pan»l Controls, Indicatora, and Connectors (cont) 



© 


FREQUENCY 

DISPLAY 

FIELD 


An 8 1/2-d1git display, with two indicators used to 
display the output frequency of the Generator. Also used 
to display the special function code, status error codes, 
or the memory Location being stored or recalled, as well 
as relative and actual frequency, when 'REL* is lit, and 
step frequency. 




STEP 


Indicates that the Step or keys (Step Entry) 

affect the output frequency. 




REL 


Indicates that the displayed frequency is relative to a 
reference frequency. 


© 


AMPLITUDE 

DISPLAY 

FIELD 


A 3 1/2“digit (and sign) display, with six indicators, 
used to display the output amplitude of the Generator 
into a 50'Ohm Load. 




STEP 


Indicates that the Step or keys (Step Entry) 

affect the output amplitude. 




REL 


Indicates that the displayed amplitude is relative to a 
reference amplitude. 




dBm 


Indicates that the output amplitude is in decibels 
relative to one milliwatt. 




V 


Indicates that the output amplitude is in volts. 




uV 


Indicates that the output amplitude is in microvolts. 




mV 


Indicates that the output amplitude is in millivolts. 


© 


STATUS 

DISPLAY 

FIELD 


(Shown unlit.) The status display field Is composed of 11 
indicators used to denote the current status of the 
Generator or Instrument entry. 




EXT REF 


Indicates that the rear panel REF switch is in the EXT 
(external) position. 




REJ ENTRY 


Lights when an invalid entry is made. 




UNCAL 


Lights when a parameter entry is outside its specified 
range. This indicator flashes when any of the internal 
DACs have over- or under-flowed or when any abnormal 
operation is detected. 




RF OFF 


Lights when the RF Output is disabled. 




REMOTE 


Lights when the Generator is in the remote (IEEE-488 
Interface) mode of operation. 




ADDR 


Lights when the Generator is addressed to Listen or talk. 




SRQ 


Lights when the Generator has asserted the IEEE-488 
SRQ signal. 


© 


MODULATION 

ON/OFF 


Used to select type, source, and frequency of modulation. 
With the exception of the C400/10003 key, these keys 
Operate as independent push-on/push-off switches for 
the given function. Any combination is allowed. 




INT AM 


Enables internal amplitude modulation at the frequency 
annunciated by the '400/1000* Hz indicator. 
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INT FH 



EXT AM 



EXT FM 



400/1000 



FUMaiON 



Enables internal frequency modulation at the frequency 
annunciated by the '400/1000' Hz indicator. 

Enables external amplitude modulation using the signal 
applied to the MOD INPUT connector. 

Enables external frequency modulation using the signal 
applied to the NOD INPUT connector. 

Alternately sets the internal modulation oscillator's 
frequency to 400 or 1000 Hz. The selected frequency is 
displayed only when INT AM or INT FN is enabled. 

With the exception of the ESTEP] and ESPCL3 keys, these 
keys operate as interlocked switches that select the 
parameter to be entered or edited. For the CFREQ]. 
CAMPU/ CAM]/ and CFM] FUNCTION keys, the bright digit 
appears in the corresponding display of the selected 
function. 



Selects the frequency parameter of the Generator to be 
programmed by using the DATA,- EDIT, Or STEP entry keys. 

Selects the amplitude parameter of the Generator to be 
programmed by using the DATA, EDIT, or STEP entry keys- 

Selects the amplitude modulation <AM) parameter of the 
Generator to be programmed by using the DATA, EDIT, or 
STEP entry keys. 

Selects the frequency modulation (FM) parameter of the 
Generator to be programmed by using the DATA, EDIT, or 
STEP entry keys. 

Enables the special function mode. Special functions are 
called up by a two-digit code, that Is entered by using 
the DATA keys. Refer to the paragraphs on Special 
Function in this section for a detailed description and a 
list of the special functions. 

After one of the four parameter functions has been 
selected for programming, pressing this key allows you to 
program a step-wise change to that parameter. The step 
increase or decrease is then performed every time the 
STEP C ] or E*3 keys are pressed. 

A ten-digit (plus sign and decimal key) keypad used for 
entering a parameter's value, the special function code, 
or a memory recall/store location. 



Used with the DATA keys to store the current instrument 
state in a memory Location. Memory Locations 01 through 
50 are available. 



Used with the DATA keys to recall an instrument state 
from a memory Location. Memory locations 01 through 50 
are available for operator-stored states; memory location 
98 contains the Instrument Preset State (see Table 2-3.) 
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SEQ 


Sequentially recalls, in increasing Location order, the 
instrument states stored in memory. While the CSEQJ key 
is pressed, successive memory locations are displayed. 
When the key is released, the location Last displayed is 
recal Led. 




JNITS 


These keys, with the exception of CCLR/LCLD, serve as the 
terminating keystroke of a function entry, thereby causing 
the Generator to be programmed. The amplitude units keys 
are also used during Amplitude Units Conversion entries. 




MH?/V 


Used with the CFREQ], CFMT, and CAHPL] function keys to 
program the numerical DATA entries in terms of megahertz 
(frequency or frequency modulation) Or volts (amplitude). 




d5<m) 


Used with the CAMPLD function key to program the numerical 
data entries in terms of decibels per milliwatt. 




kHz/ mV 


Used with the CFREQ3, CFMD, and CAHPLD function keys to 
program the numerical DATA in terms of kilohertz 
(frequency or frequency modulation) or millivolts 
(amplitude) . 




% 


Used with the CAM;] function key to program the numerical 
DATA entries in terms of percentage AM depth. 




Hz/uV 


Used with the CFREQ3, CFM3, and CAMPl.3 function keys to 
program the numerical DATA in terms of hertz (frequency 
or frequency modulation) or microvolts (amplitude). 




CLR/LCL 


When the Generator is in local operation, this key is 
used to clear the current entry and returns the Generator 
to the previous state. When the instrument is in remote 
operation, this key is used to return Local control. 




STEP 


These two keys work in conjunction with the STEP Function 
key. These keys repeat while they remain pressed. 




L +3 


After a parameter is set to the step function mode, and 
the 'STEP' indicator appears in the display field, this 
key increments the parameter by the step value previously 
programmed. 




[ + : 


After a parameter is set to the step function mode, and 
the 'STEP' indicator appears in the display field, this 
key decrements the parameter by the step value previously 
programmed. 




EDIT 


These keys are used to position the bright digit within a 
display field and to increase or decrease the bright 
digit value. All four keys repeat while they remain 
pressed. The function keys are used to move the bright 
digit to the desired display field. 




L* 1 


Increases the bright-digit value. 




[ + :i 


Moves the bright digit one digit to the left. 




C + :] 


Decreases the bright-digit value. 




C + T 


Moves the bright digit one digit to the right. 
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Table 2-1. Front Panel Controls, Indicators, and Connectors (cont) 





STATUS 


A push-and-hoLd key that displays the Uncal and Reject 
Entry status codes in the MODULATION, FREQUENCY, and 
AMPLITUDE display fields. 




ON/OFF 


A push-on/push-of f key (with a corresponding 'RF OFF* 
indicator in the STATUS display filed) that enables 
or disables the output of the Generator. 




Connector 


A BNC connector for input of a 1V peak, external 
modulation signal. 




Connector 


A standard RF connector at the output of the Generator. 


© 


POWER 


A push-on/push-off detent switch that applies line power 
to the Generator. 



2-13. Function Entry 

Changing an instrument parameter with the FUNCTION-DATA-UNIT entry method of 
consists of: 

Selecting the Function to be changed 

Entering the new numerical value of the parameter 

Selecting the Units of the numerical value (megahertz, millivolts, etc). 

The command syntax for function entries is: 

Select Function - Enter Data ^ Select Unit 

1 . Select one of the four parameters using the FUNCTION keys. The bright digit 
appears in the corresponding display field. The presence of the bright digit in the 
display field indicates that the value of the selected parameter is ready to be 
programmed or changed. 

2. Enter the data with the DATA keys. The numerics appear in the appropriate 
display field. 

3. Select a UNIT key. This gives the data its absolute value, and causes the 
microprocessor to internally program the Generator to the new state. 

For the amplitude and frequency functions, the entered data programs the displayed 
value. If the relative mode is enabled, the displayed value may be different from the actual 
output value. 

Once a function is selected, that parameter or feature remains in the active programming 
mode until a new function is selected. Data for a selected parameter must be followed by a 
unit value and must be within the range specified for the function. The display field 
flashes and, the ‘REJ ENTRY’ status indicator flashes if the entered data is not within the 
specified range. A rejected entry does not affect the output of the Signal Generator. The 
output of the Generator remains at its previous values until a new value is accepted. 

A function entry may be terminated at any time by the [CLRILCL] key or by selecting 
another function. 
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Figure 2-4. Rear Panel Controls, Connectors, and Switches 



Table 2-2. Rear Panel Controls, Connectors, and Switches 



l) AC INPUT 






REF INT/EXT 



10 MHZ OUT 
7) REF IN 



© 



MOD INPUT 



RF OUTPUT 



IEEE 

CONNECTOR 

IEEE ADDRESS 
SWITCH 



Permits operation from 100# 12D# 220. or 240V ac. The 
number visible through the window on the selector card 
indicates the nominal Line voltage to which the Generator 
must be connected. The Line voltage is selected by 
orienting the selector card appropriately. A 1 1/2“ampere 
fuse is required for 100/120V operation; a 3/4-ampere 
fuse is required for 220/240V operation. 

Permits selection of the Generator frequency reference. 
When set to INT, the Generator operates on the internal 
reference# which is either the standard oscillator or the 
high-stability oscillator if either of the High-Stability 
References is installed. In either case# the internal 
10-MH2 reference signal is available at the 10 MHZ OUT 
connector. When set to EXT# the Generator reference is a 
1.2. 2.S. 5- or 10-MHz signal applied to the external 
REF IN connector. 

10-MHz sine wave# >0 dBm level when terminated in 50 ohms. 

Accepts a 1, 2# 2.5# 5- or lO-MHz, 0.3V to 4V p-p sine 
wave or square wave signal into nominally 50 ohms. 

Connector CBNC) is present only with the REAR RF OUT and 
MOD IN option to accept a 1V peak external modulation 
signal. 

Connector (type N) is present only with the REAR RF OUT 
and MOD IN option to provide the Generator output signal. 

Present only with the IEEE-488 Interface option to allow 
remote operation of the Generator via the IEEE-488 bus. 

Present only with the IEEE-458 Interface option and 
allows the selection of the Generator bus address. 
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Table 2»3. Instrument Preset State 



FUNCTION 



SETTING 



Frequency 

Frequency Step .... ....... 

Amplitude 

Amplitude Step ... 

Modulation Rate 

AM Depth 

AM Depth Step 

FM Deviation without/with Option -651 

FM Deviation Step without/with Option -651 . . . 

Modulation Display .......... 

Bright-Digit Location 

Frequency Bright-Digit Position ........ 

Amplitude Bright-Digit Position 

AM Bright-Digit Position . 

FM Bright-Digit Position without/with Option -651 

Special Functions .... 

INT AM 

EXT AM 

INT FM . 

EXT FM 

Step Function ................. 



.... 500.00000 MHz 

.... 1.00000 MHz 

-10.0 dBm 

1 dB 

1000 Hz 

3CK 

IX 

5.0/. 5 kHz 

100/10 Hz 

AM Depth 

Frequency Bright Digit 

1 MHZ 

1 dBm 

1 % 

10/1 Hz 

. . . 20,30.70.80,90 

......... Off 

Off 

Off 

Off 

... Frequency Step 



2-14. Bright-DIgIt Edit Operation 

Changing an instrument parameter by the edit entry method is the fastest way to make 
vernier (incremental) changes to one of the four parameters. The EDIT keys are used with 
the four parameter FUNCTION keys to position the bright digit in the desired display 
field and then increase or decrease the bright-digit value. 

The command syntax for bright-digit edit entries is: 

Select Display Field -- Position Bright Digit -- Change Bright-Digit Value 

1. Use one of the four FUNCTION keys to position the bright digit in the 
appropriate display field, 

2, Use the [ ♦ ] or [ ♦ ] EDIT keys to position the bright digit to the desired 
resolution, and use the [ ♦ ] or [ * ] EDIT keys to increase or decrease the value 
of the bright digit. 

The position of the bright digit within a display field is maintained wh^n the bright, ^igit is 
moved from one display field to another. 

The repeat rate of the [ ♦ ] or [ ♦ ] EDIT keys may be changed to a faster or 
slower rate (a medium repeat rate is the default) with a special function code. 
Refer to the paragraphs on Special Function and the reference pages in this 
section for the method and code. 

2-15. Step Operation 

Changing parameters by the Step Entry method allows you to preset step-wise increments 
of a parameter then change that parameter (by the amount programmed in the step 
function) [ ♦ ] or [ ♦ ] with a single keystroke. 




The command syntax for step entries is: 
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Select Step Function - Enter Data -- Select Units - Change Parameter 

1 . Select the parameter to be changed step-wise using one of’the FUNC I ION key. 

2. Press the [STEP] key to enable the Step function. 

3. Program the step amount using the DATA and UNIT keys. 

4. The parameter value can now be changed, up or down by the programmed step 
amount by using the [ ♦ ] or [ + ] STEP keys. 

While the [STEP] key is pressed, the display field of the selected parameter shows the step 
amount. The ‘STEP’ indicator is lit in the display field currently affected by the [STEP] 
key. 

The repeat rate of the [+] or [+] STEP keys may be changed to a faster or slower rate (a 
medium repeat rale is the default) with a Special Function code. Refer to the paragraphs 
on Special Functions and the reference material for the method and code. 

A step entry is ignored when the result of that step entry would cause the value of the 
parameter to exceed its programmable limit. 

2-16. Status and Clear Entries 

The Status entry allows you to interrogate the Generator for an explanation of 
uncalibrated or rejected entry operation (‘UNCAL’ or ‘REJ ENTRY’) indicator is lit. 
Refer to the paragraphs on Status and Clear Entry in the reference section for a complete 
list of Status codes. 

The [CLRILCL] key may be used to dear a partial DATA entry or clear the flashing ‘REJ 
ENTRY’ indicator. 

2-17. RF Output On/Off 

The RF OUTPUT [ON/ OFF] key allows the operator to enable or disable the RF 
output of the Generator. This feature is useful in zeroing a power meter, finding the noise 
floor of a system, or determining the presence or source of an unknown signal 

On power-up, the RF output of the Generator assumes the state it was in when the 
Generator was turned off. Pressing the RF OUTPUT [ON/ OFF] key disables the output 
of the Generator and causes the ‘RF OFF’ indicator (in the STATUS display field) to 
light. If the RF ON/ OFF was off at power-on, pressing the [ON/ OFF] key will enable 
output. 

2-18. Modulation On/Off and Rate 

The MODU LATION ON/ OFF keys allow you to select any combination of modulation 
or no modulation. The MODULATION display field indicates what combination of 
modulation has been selected. Each modulation key is a push-on push-off type (except 
the [400/ 1000] key). 

The [400/1000] key toggles the internal modulation oscillator between 400 and 1000 Hz. 
The ‘400 Hz’ and ‘1000 Hz’ indicators are lit only when INT AM or FM modulation is 
enabled. 
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Memory entry using the [STO] key allows you to save up to 50 complete front panel 
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The command syntax for memory operations follows. No memory location needs to be 
specified for the sequence operation. 

Select Memory Function - Enter Memory Location 

To store the current front panel setting, press the [STO] key (located below the DATA 
keys). The last memory location stored or recalled is displayed in the FREQUENCY 
display field. Next, use the DATA keys to enter the two-digit memory location code. The 
location code must contain both digits (e.g., 01, 02, ...50). The two-digit code appears in 
the FREQUENCY display field as it is entered. 

To recall a front panel setting, press the [RCL] key (located below the DATA keys). The 
last memory location stored or recalled is displayed in the FREQUENCY display field. 
Next, use the DATA keys to enter the memory location code of the desired front panel 
setting. Remember, the location code must contain both digits of the memory location 
code. 

Memory location 98 contains the Instrument Preset State that can be recalled at any time. 

The [SEQ] key allows the front panel settings stored in memory to be sequentially 
recalled. This process is activated by pressing the [SEQ] key at any time. When the [SEQ] 
key is pressed, the memory location code of the currently recalled setting appears in the 
FREQUENCY display field, and the location is recalled. When the last memory location 
is reached (50), the [SEQ] key starts over at 01. The [SEQ] key repeats while pressed. 

2-20. Special Function 

Special Function Entries allow the operator to enable several special operating functions 
in the Generator. For example, special functions allow the operator to change the repeat 
rate of the STEP and EDIT keys, start the self tests, display the results of the power-up 
self tests, display the IEEE-488 address, enable relative and fixed-range features, and 
disable or enable special attenuation features. A complete list of the special functions 
available is presented in Table 2-4. 

The command syntax for special function entries is as follows: 

Select Special Function — Enter Special Function Code 

The special function is selected by pressing the [SPCL] key. The special function code is 
entered using the DATA keys. 

2-21. OPERATING REFERENCE MATERIAL 

This reference section describes local and remote operation for each Generator function. 
The functions are arranged in alphabetical order. For each function, the syntax of the 
command, allowable data ranges, and other information is presented. 

2-22. Amplitude and Frequency Entry 

The following information describes how to control the carrier frequency and amplitude 
by the FUNCTION-DATA-UNIT entry sequence. This method applies to both normal 
and relative operations. The frequency display is a fixed-point display in MHz. The 
amplitude display is fixed point while displaying dBm but is floating point when 
displaying voltage units. 




The RF OUTPUT [ON/OFF] must be enabled for the Generator to produce an output 
(see the reference material on RF OUTPUT ON/ OFF Entry). 
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Table 2-4. Special Functions 



SPECIAL FUNCTION 


OPERATION 


00 


Clears all currently set special functions. 


02 


Initiates self tests. 


03 


Display test. This test is detailed in Section 3. 


04 


Key test. This test is detailed in Section 3. 


07 


Set SRQ if IEEE-488 Interface option is installed. 


08 


Reset SRQ if IEEE-488 Interface option is installed. 


09 


Display instrument software revision level. 
Information appears in the MODULATION and FREQUENCY 
display fields for approximately 3 seconds or until 
another key is pressed. 


10 


Display IEEE-488 mode and address in decimal form if 
the IEEE-488 Interface option is installed. 


11 


Display self-test results. Zeros in the display 
fields indicate that the self tests have passed. See 
Section 4 for details of the self-test display. 


12 


Turn on displays. 


13 


Turn off all displays. All other functions still 
operate. 


14 


Initialize memory Locations to Instrument Preset 
State. *Sto' appears in the FREQUENCY display field 
for 3 seconds. If during this time, the ESTO] key is 
pressed, all memory Locations are initialized. 


15 


Latch test. This test is detailed in Section 4. 


16 


Display option Loading. See "Interrogate Commands" 
in Section 2 for details. 


20 


Disable Relative Frequency. See reference page on 
Relative Function. 


21 


Enable Relative Frequency. See reference page on 
Relative Function. 


30 


Disable Relative Amplitude. See reference page on 
Relative Function. 


31 


Enable Relative Amplitude. See reference page on 
Relative Function. 


70 


Set repeat rate for EDIT and STEP keys to medium. 


71 


Set repeat rate for EDIT and STEP keys to fast. 


72 


Set repeat rate for EDIT and STEP keys to slow. 


80 


Enable Amplitude correction. Normal operation. 


81 


Disable Amplitude correction. If level accuracy 
is not critical, level correction circuitry can be 
disabled for improved programming speed. Level 
accuracy may be up to 7 dB low. 


82 


Disable attenuator correction. Useful as a 



troubleshooting tool. RF input to attenuator is 
flat. 

Program alternate 24 dB attenuation. See Section 4. 

Program alternate 24 dB attenuation. See Section 4. 

Program alternate 24 dB attenuation. See Section 4. 

Program alternate 24 dB attenuation. See Section 4. 

Disable Amplitude Fixed Range. See reference 
material on Amplitude Fixed Range. 

Enable Amplitude Fixed Range. See reference 
material On Amplitude Fixed Range, 
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Command Syntax 

Select Function — Enter Data - Select Unit 
Summary 



COMMAND 

Set Frequency 

Local: CFREO] -- DATA — 

Remote: "FR** — float — 

Set Amplitude 

Local: CAMPL3 — DATA — 

Remote: "AP" — float — 



RANGE 



RESOLUTION NOTES 



CMHzlVJ 

CkHzjmVn 

CHz|uV3 



“6Z'' 

"MZ" 

"KZ" 

MHZ'* 



CdBCm)D 

CMHziV3 

CkHzImV: 

CHz|uV3 

"V" 

"MV" 

"UV" 

"NV" 



0.01 to 1050 MHZ 10 Hz 1,2 



0.01 to 1050 MHz 10 Hz 1,3 



-127 to +13 dBm 0.1 dBm 2,A,5 
0-1 uV to 1 V 3 digits 



-127 to +13 dBm 0.1 dBm 3,4,5 
0.1 uV to 1 V 3 digits 



Example 

Set Frequency to 10.7 MHz and Amplitude to - 1.5 dBm. 

Local; CFREQ] E13 C03 C.3 111 CMHz|V3 
CAMPU Z-1 U2 C.3 C53 CdBCm)] 

Remote: "Fft10.7MZ,AP-7.SDB" 

Notes 

1. Frequency ranging occurs at 245 and 512 MHz. 

2. FUNCTION ([FREQ]or[AMPL])remainsselecteduntilanother FUNCTION 
or [STEP], [STO], [RCL], or [SPCL] is pressed. 

3. float equals floating-point number. 

4. Amplitude uncalibrated range from -147.4 to -127,1 dBm and from +13.1 to 
+19 dBm. 

5. Amplitude ranging occurs at 1/2V, 1/4V, 1/8V, ... 1/ 223V with AM off and 
1/4V, 1/8V, 1/16V, ... 1/224 V with AM on. 
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Related Operations 

Amplitude Fixed Range 
Bright-Digit Edit Entry 
Relative Function 
Step Entry 

2-23. Amplitude Fixed Range 

The following information describes how to use the Fixed-Range special function. This 
special function fixes the current amplitude range (holds the currently selected step of the 
Step Attenuator). This function allows monotonic and nontransient level control over a 
limited range around those levels where the Step Attenuator normally autoranges. This 
level control may be accomplished with the Bright-Digit Edit Entry only. 

The level vernier in fixed range has at least 12 dB of range. 

Command Syntax 

Select Fixed Range -- Enable or Disable 
Summary 

COMMAND NOTES 

Enable Fixed Range 

Local; ISPCl: Z91 — Hi: 1 

Remote; "SP" "9" — "1" 

Disable Fixed Range 

Local: :spCLT 119 : — :o: Z 

Remote; "SP" "9" -- "0" 

Example 

Set the Generator for monotonic and nontransient amplitude control (Bright-Digit Edit 
only) over the range of the vernier level control below 0.25V. 

Local; CAMPtJ L.l Z21 C5: IlMHz|V3 CSPCU L91 Hi: 

Remote: "AP.25V/SP91 " 

Notes 

1. The amplitude range is fixed only for Bright-Digit Edit operations. Other 
methods of changing the amplitude cause the step attenuator to autorange if 
necessary, 

2, With amplitude fixed range disabled, amplitude ranging occurs at 1 / 2V, I / 4V, 
1/8V,„, ]/223VwithAMoffand 1/4V, 1/8V, I/16V,.,, 1 /22^ V with AM on. 

Related Operations 

Bright-Digit Edit Entry 
Relative Function 
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2-24. Amplitude Units Conversion 

The following information describes how to convert the displayed amplitude level from 
dBm to volts and volts to dBm, The output of the Generator does not change during these 
operations. 

Command Syntax 

Select Amplitude Function — Select Unit 
Summary 



COMMAND NOTE 

Convert dBm to volts 

Local: CAMPLT — CMHz|VD 1 

CkHz |mV3 
CHzluV] 

Remote: "AP" — "V 1 

"MV" 

•'UV" 

"NV" 

convert volts to dBm 

Local: CAMPL3 “ CdBCm)3 

Remote; “AP" -- "OS" 

Example 

Change the displayed amplitude of -10.0 dBm to its voltage equivalent. 



Local: CAMPL] CMHzlV3 

Remote: "APV" 

Note 



1 . Any voltage unit is accepted since the microprocessor automatically selects the 
units appropriate for the value being displayed. 

Related Operations 

Relative Function 

2-25. Bright-Digit Edit Entry 

The following information describes how to use a Bright-Digit Edit Entry to change an 
instrument parameter. The output frequency, amplitude and the modulation indices can 
be modified with this entry method. 

The RF OUTPUT [ON/OFF] must be enabled for the Generator to produce an output. 
(See the reference material on RF OUTPUT [ON/OFF] Entry.) 

Command Syntax 



Select Display Field — Position Bright Digit -- Change Bright-Digit Value 
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Summary 





COMMAND 




NOTES 


Frequency 


Local: :FREQ3 


— EDIT ] — 


EDIT C + D/C+: 


uz 


Remote: "FB’' 


— float "GZ" 
"MZ" 
•*KZ" 
“HZ" 


"KF“ float 


3 , 4,5 


. Amplitude 


Local: CAMPL3 


— EDIT : — 


EDIT C + ]/C*3 


1.2 


Remote; "AB" 


— float “DB" 

"MV" 

"UV“ 

“NV“ 


"KA“ float 


3 . 4,5 


: FM Deviation 


Local: CFM] 


— EDIT C + :/C + 3 — 


EDIT C*3/C + 3 


1.2 


Remote; "DB" 


— float "GZ“ 
"M2" 
"KZ" 
“HZ'* 


"KD" float 


3 , 4,5 


AM Depth 


Local: Cam] 


— EDIT 3/C+ 3 — 


EDIT C + 3/C*3 


1.2 


Remote: "PB** 


““ float "PC” 


“KP" float 


3 , 4,5 



Example 1 

Edit the displayed amplitude of 9.7 dBm to 10-0 dBm. 



Local; Put th« bright digit in the amplitude display by 

pressing CAMPLU. Select the least significant digit 
in that display by pressing EDIT C + D until the 
bright digit is on that digit. Increase the value of 
that digit by pressing EDIT three times. 

Remote: "AB.1DB,KA3" 

Example 2 

Edit the displayed FM Deviation from 5.0 kHz to 3.0 kHz. 

Local: Put the bright digit in the FM display by pressing 

CFM3. Select the 1“kHt digit by pressing the EDIT Z*1 
or EDIT 1*2 until the bright digit is on that digit. 
Decrease the value of that digit by pressing EDIT 
twi ce. 

Remote: ''DBlKZ,KD-2'* 






mk'i 
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Notes 

1. The bright-digit field remains selected until another display field is selected. 

2. The bright-digit position is maintained for each of the four functions so that the 
bright digit can be moved from one display to another and back without losing 
its position in that previous display field. 

3. float equals floating-point number. 

4. !n remote, the bright digit is positioned within a display field using a decade 
value and associated unit. Minus signs are ignored. 

5. In remote, the bright digit is moved to the corresponding field and is increased or 
decreased by the signed integer following the “KF,KA,KD,KP” messages. The 
generic edit command *‘KB” may also be used to edit up or down the current 
bright*digit position. Positive integers do not require a sign. 

Related Operations 

Relative Function 

Amplitude Fixed Range 

2-26. Memory Entry 

The following information describes how to use the memory function to store and recall 
front panel settings. The Generator has 50 memory locations that are retained for 2 years 
with the power off. 

The sequence feature allows the operator to recall successive memory locations. 
Command Syntax 

Select Memory Function - Enter Memory Location 
Summary 





COMMAND 


NOTES 


Store 


Local : LST03 


— EnD En3 


1,2,3 


Remote: "ST" 


int 


1,4 


Recall 


Local: ERCL3 


— Cn3 Lnl 


1,2,3 


Remote: "RC" 


— int 


1,4 


sequence 


Local: CSEQ3 




5,6 


Remote: "SO" 




5 
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Example 

Recall the Instrument Preset State (located in memory location 98). Change the 
frequency parameter to 302 MHz, then store the new front panel setting in memory 
location 06. 

Local; CRCL] C9JC8] EDIT !I+: CSTO: C03C63 

Remote: '’RC98,KF2,ST6" 



Notes 

1. The memory locations availablefor operator use are 01 through 50. Additional- 
ly, the following special memory locations are available: 

Memory location 00 contains a backup-memory location. After a recall (or 
sequence) operation it contains the last front panel setting. After a store 
operation, it contains the data in the stored memory location before the store 
operation. Thus, a recall operation can be reversed by recalling location 00. 

Memory location 98 contains the Instrument Preset State. 

Memory location 99 contains the present instrument state. 

2. In local control, two data digits must be entered to specify the memory location. 
The recall or store is performed when the second digit is released. 

3. The last memory location specified (used for sequence operations) is displayed 
while the [STO] or [RCL] button is pressed. 

4. int equals unsigned integer. 

5. The sequence operation recalls the next higher memory location, starting from 
the last memory location stored or recalled. No memory location need to be 
specified. When the highest location is reached, the sequence starts over again at 
location 01. 

6. While [SEQ] is pressed, the next memory location number is displayed and the 
memory location is recalled. This key is repeating. 

2-27. Modulation Entry 

The following information describes how to preset the modulation index (AM depth or 
FM deviation), internal modulation rate (400 or 1000 Hz), and how to select the 
modulation source (internal and/or external). 

The FUNCTION-DATA-UNIT method of selecting the modulation index is 
summarized in the following command syntax. The indices may also be modified using 
Bright-Digit Edit or Step Entry. Since there is only one modulation display, the 
modulation index displayed is determined by the last modulation FUNCTION key 
pressed. 

Command Syntax 

Select Function — Enter Data — Select Unit 
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Summary 

COMMAMD 

Set AM Depth 

Local; CAM3 — DATA — D£:i 
Remote: "AM" — float ~ "PC" 

Set FM Deviation 

Local; CFM3 -- DATA “ [MHz|VT 

EkHzImV: 

CKzluV: 

Remote: "FM" -- float ~ "6Z" 

"MZ" 

"K2" 

"H2" 



Summary 



COMMAND 

Select Modulation Rate 
Local; Q400/10003 
Remote; "MR" "0" or "1" 



Summary 



COMMAND NOTES 

Enable or Disable Modulation 

Local: CINT AM:1 7,8 

CINT FM] 

CEXT AH] 

CEXT FH] 

Remote: "AI" "0" or "1" 9 

"FI" "0" or "1" 

"AE" "0" or "1" 

"FE" "0" or "1" 

Example 

Set the FM deviation to 5 kHz, the modulation rate to 400 Hz, and internally modulate 
the carrier. 

Local: CFM] LS2 CkHz] CINT FM] E400/1DQO] 

Remote; "FM5KZ,MR0,FI1" 



RANGE RESOLUTION NOTES 



0 


to 


99% 


1% 


1.2 


0 


to 


99% 


1% 


1,3 



0-1 to 99.9 kHz 3 digits 1,4 
0-1 to 99.9 kHz 3 digits 1,3,4 



NOTES 

5 

6 
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Notes 

1 . This operation does not change the Generator output unless the corresponding 
modulation is enabled. 

2. Uncalibrated if peak amplitude exceeds +13 dBm or If AM depth exceeds 90% 
and AM is enabled. 

3. float equals floating-point number. 

4. Uncalibrated if FM is enabled and FM deviation is below 100 Hz or above 
(frequency -100 kHz)/3. 

5. Toggles between 400 or 1000 Hz only. An indicator shows selected rate only if 
internal modulation is on. 

6. “0” selects a modulation rate of 400 Hz; "T’ selects 1000 Hz, 

7. These are ON/ OFF operations; any combination is allowed, 

8. Two indicators ‘EXT HT and ‘EXT LO’ are lit when external modulation is on 
to indicate that the external modulation signal is 2% above or 2% below the 
nominal IV peak input requirement. 

9. “0” turns the modulation source off; “1” turns it on. 

Related Operations 

Bright-Digit Edit Entry 
Step Entry 

2-28. Relative Function 

The following paragraphs describe how to change frequency and amplitude using the 
Relative mode. There are two steps; 

1. Setting the reference 

2. Changing the parameter relative to that reference 

Setting the reference is done by setting the parameter to the desired value and then 
enabling the relative mode for that parameter. This causes the ‘REL’ indicator to light 
and the displayed value to be zero in the corresponding display. The Generator output 
does not change during these operations. In the relative mode, the usual means of 
changing the parameter may be used; i.e., FUNCTION-DATA-UNIT, Step, or Bright- 
Digit Edit Entry. 

In the relative frequency mode, the actual frequency is the sum of the reference and the 
displayed frequency. The actual frequency may be displayed by pressing the [FREQj key. 

In the relative amplitude mode, the actual amplitude is the sum of the reference and the 
displayed amplitude when the reference and the displayed quantities have the same units. 
However, with mixed units (volts and dB), the actual amplitude is the voltage value scaled 
by the dB value. The actual amplitude may be displayed by pressing the [AMPL] key. 
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Command Syntax 

Select Relative Function — Enable or Disable 
Summary 

COMMAND NOTE 

Frequency 

Local: CSPCLT Z21 — CO:] or CIU 1 

Remote: "SP" "2" — "O'' or "1" 1 

AmpLi tude 

Local: CSPCLT C33 — EO: or [1] 1 

Remote: "SP" "3" ~ "0" or "1" 1 

Example 

Set the amplitude to -15 dB^V; i.e., 15 dB below 1 microvolt. 

Local: LAMPU C13 CHzluV3 LSPCU C33 C13 LAMPL:1 Z~2 E13 C53 CdBCm)] 

Remote: "AP1UV,SP31,AP-15DB" 

Note 

1. 1 enables the relative function; 0 disables the relative function. 

Related Operations 

Amplitude and Frequency Entry 
Bright-Digit Edit Entry 
Step Entry 

2-29. RF OUTPUT ON/OFF Entry 

The following information describes how to enable the output of the Generator using the 
RF OUTPUT [ON/OFF] key and the corresponding remote code. 

Command Syntax 

RF Output On/Off 

Summary 

COMMAND NOTE 

RF Output On 

Local: RF OUTPUT C0N/0FF3 when 'RF OFF' is on 1 

Remote; "ROl" 1 

RF Output Off 

Local: RF OUTPUT EON/OFF] when 'RF OFF' is off 

Remote; "ROO" 
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Notes 

L Turning the RF Output on resets the RPP circuitry if it has tripped. 

2-30. Special Function Entry 

The following information describes how to use the Special Function Entry to use the 
special operating functions of the Signal Generator. Table 2-4 lists the special functions 
available. 

The special function code is a two-digit number. The first digit indicates the classification 
of the special function, and the second digit specifies the particular special function. 

The special function is executed when the second special function code digit is entered. 
There are ten classes of special functions. The special functions in the 0(n) and l(n) class 
cause an action to be performed. Classes 2(n) through 9(n) cause an instrument state to 
change. The status of classes 2(n) through 9(n) appears (left to right) in the frequency 
display field when the [SPCL] key is pressed. 

Command Syntax 

Select Special Function — Enter Special Function Code 
COMMAND NOTE 

Local: CSPCL: “ Lnl Cn3 

Remote: "SP" “■ int 1 

Example 

Change the repeat rate of the EDIT and STEP keys to slow. 

Local: LSPCLJ C73 C23 

Remote: "SP72" 

Note 

1. int equals unsigned integer. 

Related Operations 

Fixed Range 
Relative Function 

2-31. Status and Clear Entry 

The Status entry allows you to interrogate the Generator for an explanation of cither 
uncalibrated operation (‘UNCAL’ indicator is lit) or rejected entry operation (the‘REJ 
ENTRY’ indicator in lit). 

When either the ‘UNCAL’ or ‘REJ ENTRY’ indicator is lit, press and hold the [STATUS] 
key to display the Uncalibrated or Rejected Entry Error Code Message. These messages 
provide detailed information on the nature of the uncalibrated or rejected entry 
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I 






condition. Table 2-5 contains a list and explanation of all the Uncalibrated Error Code 
Messages. Table 2-6 contains a list and explanation of all the Rejected Entry Error Code 
messages. 



Table 2-5. UNCAL Error Codes 



CODE 






DESCRIPTION 


000 


000 


000 


= 


Indicates no UNCAL conditions 


001 


000 


000 


s 


FM deviation < 100 Hz <<10 Hz with Option -651) 


002 


000 


000 


= 


FM deviation > Cfreq -100 kHz)/3 


*004 


000 


000 


= 


Excess FM deviation, main or reference PLL unlocked 


020 


000 


000 


- 


AM depth > 90% 


*000 


010 


000 


= 


Main or reference PLL unlocked 


000 


000 


001 


= 


Level vernier below calibrated range or Level < -127 dBm 


000 


000 


002 


= 


Peak (AM) amplitude > +13 dBm 


*000 


000 


004 


= 


Amplitude unleveled 


*000 


000 


010 


s 


Fixed-range level vernier at 0 


*000 


000 


020 


s 


Fixed-range Level vernier at full scale 


*000 


000 


040 


s 


RPP tripped 


000 


000 


100 


s 


Level below -127 dBm 


000 


000 


200 


s 


Level correction disabled 


*000 


000 


400 




RF output off 



Table 2-6. REJect ENTRY Codes 



CODE 






DESCRIPTION 






001 


000 


000 




FM deviation not between 0 and 99.9 kHz 
<9.99 kHz with Option -651) 






002 


000 


000 


— 


FM deviation Step not between 0 and 99.9 kHz 
<9-99 kHz with Option -651) 






004 


000 


000 


- 


AM depth not between 0 and 99% 






010 


000 


000 


- 


AM depth step not between 0 and 99% 






020 


000 


000 


= 


IEEE-488 command syntax error 






040 


000 


000 


- 


IEEE-488 input value out of range 






100 


000 


000 


- 


Special function requires IEEE option 






200 


000 


000 


— 


IEEE edit or step operation beyond allowed range 






000 


001 


000 


= 


Frequency not between 0-01 and 1050 MHz 






000 


004 


ooo 


= 


Frequency step not between 0 and 1050 MHz 






000 


040 


000 


- 


Invalid memory location 






000 


100 


000 


= 


Invalid data in memory 






000 


200 


000 


Si 


Special function not allowed 






000 


000 


001 


s 


Output amplitude not between 10 nV and 2V 






000 


000 


002 


- 


Insufficient resolution for units conversion 






000 


000 


004 




Units conversion to volts not allowed with reference 


in volts 


000 


000 


010 


- 


Units conversion to dB not allowed with reference 


in 


volts 


000 


000 


020 


- 


Amplitude step not between 0 and 166 dB or 0 and 


1999V 


000 


000 


040 


- 


Units conversion on amplitude step not allowed 






000 


000 


100 


s 


Amplitude step and current amplitude display not 


in 


Same units 
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The [CLR LCL] key may be used to clear a partial DAT A entry or clear the flashing‘REJ 
ENTRY’ indicator. Press the [STATUS] key while an ‘UNCAL’ indication exists to 
display the Uncal Error Codes in three fields: 

Flashing codes (denoted by *) indicate abnormal operation or aberrated output. Non- 
flashing codes indicate operation outside specified range. 

Press the [STATUS] key while the ‘REJ ENTRY’ indication exists to display the Reject 
Entry error codes: 

2-32. Step Entry 

The following information describes how to use the Step Entry function to change an 
instrument parameter. The RF OUTPUT [ON /OFF] must be enabled for the Generator 
to produce an output. (See the reference material on RF OUTPUT [ON/ OFF] Entry.) 

Command Syntax 

Select Step Function - Enter Data - Select Units -■ Change Parameter 
Summary 

COMMAND RANGE RESOLUTION NOTES 

Frequency 

Local: CFRE03CSTEP3— DATA -'CMHzjVJ --STEP C+]/[*3 

CkHz |niV2 
[H«luV3 

0 to 1050 MHz 10 Hz 

Remote: "FS" —f Loat--"GZ" -»"fu'7"FD" 

"MZ" 

*'KZ" 

"HZ" 

0 to 1050 MHz 10 Hz 1,2 

Amplitude 

Local; CAMPLl [STEP!— DATA —LdeCm)! --STEP L*2/C*2 

CMHzlVl 

CkHzImVD 

CHz|uv3 

0 to 166 dB 0.1 dB 
0 nV to 1999 V 3 digits 

Remote: "LS" —float— "DB" — "lU'V'LD" 

■»V" 

"MV" 

"UV" 

"NV" 

0 to 166 dB 0.1 dB 1,2 

0 nV to 1999V 5 digits 1,2 

FM deviation 

Local: cfhdcstep: — DATA — lmhz |vd — STEP 

LkHzImVl 

CHzluV] 

0 to 99.9kHz 3 digits 3 







2-26 




INSTALLATION AND OPERATION 




I 






I 



I 



Remote; "DS" 



— fLoat~"G2" 



"HZ" 

"KZ" 

"HZ" 

0 to 99.9kHz 



— "0U"/"DD" 



I digits 



1 / 2,3 



AH depth 



Local; CAM2LSTEPJ “DATA —L%1 

0 to 99% 



— STEP 
1 % 



Remote; "PS" 



—float— "PC'* — "pu"/"pD" 

0 to 99% n 



1/2 



Example 

Recall the Instrument Preset State: [RCL] [9] [8], Step the displayed frequency of 300 
MHz, in 10“MHz steps, to 270 MHz. 

Local: CFREQ: CSTEP3 COJ CMHZ1V3 1*1 C+] C*3STEP 

Remote: '*FS10HZ,FD,F0,FD" 



Notes 

1. float equals floating-point number. 

2. Entering the step size from IEEE-488 does not select the step function. For 
example, “FSIOMZ” does not select the step function; “FD” or “FU” must be 
used to select the frequency step function. The generic step up / down commands 
“SU” and “SD” may be used to step the current step function. 

3. If the Low-Rate FM option is installed, the range of FM deviation steps is 0 to 
9.99 kHz. 

Related Operations 

Relative Function 

2-33. REMOTE OPERATION (IEEE-488 INTERFACE) 

The following paragraphs describe how to operate the Generator using the IEEE-488 
Interface option. This option allows you to program the Generator and operate 
instrument functions via the IEEE-488 bus (with the exception of the front panel 
POWER switch and the rear panel REF INT/EXT switch). The IEEE^88 Interface 
option also provides additional programming features not accessible from the front 
panel. 

The rest of this section is divided into two parts: the first part describes how to set up the 
Generator for operation on the IEEE-488 bus and gives some typical programming 
examples. The first part also includes a complete list of the programming commands 
recognized by the Generator software. 

The second part describes the implementation of the IEEE-488 interface and 
programming features that are accessible only from the IEEE-488 Interface. The second 
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part includes typical timing data, provided as an aid to system programmers. This 
information can assist in writing programs that have greater speed and efficiency. 

The Generator can be used with any IEEE-488 controller in the normal addressed mode. 
The following two additional modes are available for operation without a controller: 

Listen-only mode 
Talk-only mode 

In the listen-only mode, the Generator responds to all data messages on the IEEE-488 
bus. In the talk-only mode, the Generator sends commands on the IEEE-488 bus to 
program another 6060B Generator (or a 607xA with some restrictions). 

2-34. Setting Up the IEEE-488 Interface 

Figure 2-5 shows a 6060B Signal Generator connected to a 1 722A via the 1 EEE-488 bus. 




Rgure 2-5. 6060B Signal Generator Connected to a 1 722A 




Use the following procedure to set up the Generator with the IEEE-488 Interface option: 

1. Connect a standard IEEE-488 cable between the Generator and the IEEE-488 

device. 

NOTE 

The IEEE-488 Interface signal SHIELD (pin 12) can he disconnected (when 
using an IEEE-488 cable with a tneiallic hood) from instrument ground. To do 
this, use the left most address switch (as viewed from the rear panel). 

2. Select the IEEE-488 address and mode as follows: 

a. For control of the Generator with a controller, set both the LISTEN ONLY 
and TALK ONLY switches to 0 (down). Set switches al through a5 to the 
desired address 0 through 30. For example, for an address of I , set switches 
a2, a3 a4, and a5 to 0 (down), and set switch al to 1 (up). 

b. For talk-only operation, set the TALK ONLY switch to 1 (up). 

c. For listen-only operation, set the LISTEN ONLY switch to 1 (up) and the 
TALK ONLY switch to 0 (down). 

3. Verify the address and mode: 
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a. Press the [SPCL] and the [1][0] keys. Verify that the selected address 
appears in decimal in the Frequency display field. 

b. If the talk-only mode or listen-only mode has been selected, “to” or “lo” 
appears to the left of the address in the Frequency display field. 

NOTE 

The address switches are continuously monitored except when in remote, The 
TA LK ON L Y and LIS TEN ONL Y switches are only read when the Generator 
is powered on. 

2-35. Programming Commands 

After the address and mode have been set, the Generator can be programmed by an 
IEEE-4S8 controller or from another Generator. Tables 2-7 and 24 and the 
programming examples following them provide the basic information on how to 
program the Generator. 

More details about the commands can be found in two places. Commands that are 
available from the front panel are described in the first part of this section. Those 
commands that are only available from the IEEE-488 Interface are described in the 
Commands Descriptions paragraphs later in this section of the manual. 

Table 2-7 is an index for the IEEE-488 Commands used in Table 2-8, This index is a list of 
the command headers according to function. Table 24 lists all the remote commands that 
are recognized by the Generator. The commands are listed alphabetically by function. 

2-35. Programming Examples 

The following three examples show how to use the IEEE488 bus and use a variety of 
controllers to program the Generator. In the first example, a Fluke 1722A Controller is 
used to program the Generator. In the second example, two Generators are configured to 
track each other in frequency. In the third example, a 1722A is used to program the 
Generator with the frequency step up controlled by the trigger command. 



Table 2-7. Index of IEEE*488 Commands 



FUNCTION 


COMMANO HEADERS 


Amplitude Entry 


AP, SP3x^ RA^ SPSx, SP9x 


Binary Learn Commands 


LI* LM 


Clear Commands 


CB^ ce* CL 


Edit Entry 


A8, DB, FB, PB* KB, KA, KD, KF, KP 


Frequency Entry 


FR, SP2x, RF 


Interface Mode Commands 


EM, RM, TM, VM, UM, B 


Interrogate Commands 


ID, IE, II, 10, IR, IT, lU, IV 


Memory Entry 


RC, ST, SQ 


Modulation Entry 


AM, AE, AI, FM, FE, FI, MR, MF 


Monitor Commands 


18, OB, OD, RB, RW, DW, WB, WW, XA, XB, XD, XR 


RF ON/OFF Entry 


RO 


Special Function Entry 


SP 


SRQ Commands 


IM, SM, XF 


Step Entry 


FS, LS, PS, DS, SU, SD, FU, FD, LU, LD, PU, 




PD, DU, DD 


Trigger Commands 


CT, TR 
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Table 2-8. IEEE'488 Commands 



COMMAND 


COMMAND 


COMMENTS 


USE 


HEADER NUMERIC SUFFIX 




AMPLITUDE ENTRY 

1 1 1 





Program 

Amplitude 



AP float 



Program displayed amplitude 
in units of: 
volts 

mil livoLtS 
microvolts 
nanovolts 
d5 or dPm 



Convert 

Amplitude 

Units 


AP 


none 


V 

MV 

uv 

NV 

DB 


Change amplitude units to: 
volts 
volts 
volts 
volts 
d6 or dBm 


Relative 

Amplitude 


SP 


30/31 


none 


Di sable/enable relative 
amplitude operation 


Relati ve 
Amplitude 


RA 


0/1 




Alternate programming command 
for disable/enable relative 
amplitude operation. 


Level 

Correction 


SP 


80 

81 

82 


none 


Enable all Level correction. 
Disable all level correction. 
Disable attenuator correction. 


Amplitude 


SP 


90/91 


none 


Disable/enable amplitude 



Fixed Range 



BINARY learn CONhANDS 



fixed-range operation. 



Store a 
Front Panel 
Setup 

Send a 
Front Panel 
Setup 



clear connands 

Clear IEEE- 
488 Output 
Buffer 



Device 

Clear 

EDIT ENTRY 

Position 

Amplitude 



String 



CB 


none 


none 


CE 


none 


none 


CL 


none 


none 




AB 


float 


V 

MV 



The Generator stores the string into 
the memory Location specified by int. 
See the Command Descriptions paragraph 
for decoding the learn string. 

The Generator responds with 
the contents of the memory 
Location specified by int. 

See the Command Descriptions 
paragraph for decoding the 
Learn string. 



Clears IEEE-488 output 
buffer. 



Clears the IEEE-488 rejected 
entry status. 

Clears the instrument state. 



Position the bright digit in 
the amplitude display with 
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Table 2-8. IEEE-488 Commands (cont) 



Bright Digit 






UV 


the stated resolution. For 








NV 


example, enter "AB10MV" for 








DB 


10-mV resolution. 


Position 


DB 


float 


GZ 


Position the bright digit in 


FM Bright 






HZ 


the FM display with the stated 


Digit 






KZ 


resolution. For example, enter 








HZ 


"DB1KZ" for 1-kHz resolution. 


Position 


FB 


float 


GZ 


Position the bright digit in the FREQUENCY 


Frequency 






HZ 


display with the stated resolution. For 


Bright Digit 






KZ 


example, enter "FBIMZ" for 1“MHz 








HZ 


resolution. 


Position 


PB 


float 


PC 


Position the bright digit in 


AM Bright 








the AM display with the stated 


Digit 








resolution. For example, enter 
"PBIPC" for 1% resolution. 


Edit 


KB 


float 


none 


Edit the current bright digit 
by float counts. 


Edit 


KA 


float 


none 


Move the bright digit to the 


Amplitude 








AMPLITUDE display and edit 
amplitude by float counts. 


Edit FM 


KD 


float 


none 


Move the bright digit to the FM display 
and edit FM by float counts. 


Edit 


KF 


float 


none 


Move the bright digit to the 


Frequency 








FREQUENCY display and edit 
frequency by float counts. 


Edit AM 


KP 


float 


none 


Move the bright digit to the AM display 
and edit AM by float counts. 


FREQUENCY ENTRY 


Frequency 

Programming 


FR 


float 




Program displayed frequency in units of: 








6Z 


gigahertz 








MZ 


megahertz 








KZ 


ki Lohertz 








HZ 


hertz 


Relative 


SP 


20/21 


none 


Di sable/enable relative 


Frequency 








frequency operation. 


Relative 


RF 


0/1 


none 


Alternate programming command 


Frequency 








for di sable/enable relative 
frequency operation- 


INTERFACE MODE COMMANDS 


Error Mode 


EM 


0/1 


none 


Di sable/enable the clear 
error mode, if disabled, the 
IEEE-488 error status is 
cleared only when inter- 
rogated. If enabled^ the 
error status is cleared when 
a new message is processed. 
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Modulator attenuation is thus approximately proportional to the modulator control 
voltage at the emitter of Q 103. Proportionality is required to maintain constant leveling 
loop bandwidth as modulator attenuation varies. Minimum attenuation is obtained with 
a modulator control voltage of lOV, while maximum attenuation is obtained with OV. 



Comparator U3 lOA and associated components form an unleveled indicator circuit. The 
comparator senses the modulator control voltage at the emitter of Q103. This voltage is 
normally less than +1 IV, and the comparator output is high. If the modulator control 
voltage exceeds +1 IV, the modulator attenuation is at a minimum, and the leveling loop 
becomes inoperative (unleveled). This condition could be due to a fault or some abnormal 
operation such as over-modulation. In this case, the comparator output (UNLVLL) goes 
low. The Controller senses this low and causes the front panel ‘UNCAU indicator to flash 
and displays an unleveled status if interrogated. 

3-54. LEVEL CONTROL 

The instrument output level is set by the level-control circuit. Inputs to this audio signal 
processing circuit are the internal and external modulation signals, a dc reference voltage, 
and the digital control commands. The circuit output is the leveling loop control voltage 
that provides vernier level control of the Generator output. Digitally encoded level, 
modulation depth, and temperature-compensation information are provided by the 
Controller, 

Selection of the internal or external modulating signal, or no modulation, is made by 
analog switches U401C, U401D, and Op-amp U402B, The selected, buffered modulation 
signal at U402B pin 1 is applied to pin4 of U30I, adual 8-bit DAC U301, with U302D, 
acts as a digitally programmed variable attenuator and is labeled AM DAC. 

Binary AM depth control information from the Controller is applied to DAC U301. The 
output at U302D pin 14 is the modulation signal scaled to the programmed AM depth. 
This ac signal is summed by op-amp U302B with a dc reference voltage provided by 
CR403. The output at U302B pin 7 is called the 1+AM signal. This signal provides the 
desired AM depth when scaled by the LVL DAC and applied to the leveling loop, AM 
depth adjustment is provided by potentiometer R421. 

The instrument RF output amplitude is temperature compensated in a frequency- 
dependent manner as follows. The H-AM signal is applied to pin 1 8 of dual 8-bit DAC 
U301, the DAC B reference input. The DAC output, at U405D pin 14, is the H-AM signal 
attenuated by an RF frequency-dependent factor provided by the Controller using 
constants stored in the Generator firmware. This voltage is applied to a 
resistor/thermistor network that includes R303, R305, R306, and RT301. 

The network output is the 1+AM signal attenuated by an RF frequency and temperature- 
dependent factor, and is applied to summing op-amp U302C. The 1+AM signal is also 
applied to this summing amplifier. Thus, the voltage at U302C pin 8 is the temperature- 
compensated and scaled 1+AM signal 

This signal is applied to the reference input of Level DAC U303. This 12-bit DAC, with 
op-amp U302A, latches U304, U305, controls the Output assembly RF output amplitude. 
The DAC output voltage, at U302A pin 1, is the temperature-compensated 1+AM signal 
multiplied by a factor proportional to the 12-bit level control number provided by the 
Controller. This voltage is the leveling loop control voltage. The Generator RF output 
level adjustment is provided by potentiometer R3 1 1 , and DAC offset voltage adjustment 
is provided by potentiometer R309. 
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Table 2-8. IEEE-488 Commands (cont) 



UNCAL 


lU 


none 


none 


Interrogates the uncalibrated output 
error codes. The Generator responds with 
three octal fields: 

"AAAAA,BBBBB,CCCCC". See Table 2-5 for 
a list of uncal error codes. 


Software 


IV 


none 


none 


Interrogate the software version. The 


Version 








Generator responds with the status 
message: "Vxx.x" where x's are decimal 
digits representing the current 
software revision level. 


HEMORY ENTRY 


Recall. 


RC 


int 


none 


Recall the front panel setup stored at 
the memory location specified by int. 


Store 


ST 


int 


none 


Store the current front panel setup at 
the memory location specified by int. 


Sequence 


SO 


none 


none 


Sequence (recall) to the next 
higher memory Location. 


MODULATION ENTRY 


Program AM 


AH 


float 


PC 


Program AM depth In percent. 


External AM 


AE 


0/1 


none 


Disable/enable external AM 
modulation. 


Internal AM 


A1 


0/1 


none 


Disable/enable internal AM modulation. 


Program FH 


FM 


float 




Program FH deviation in units of: 








6Z 


gigahertz 








M2 


megahertz 








KZ 


kilohertz 








HZ 


hertz 


External FM 


FE 


0/1 


none 


Disable/enable external FM modulation. 


Internal FH 


FI 


0/1 


none 


Disable/enable internal FM modulation. 


Program 


MR 


0/1 


none 


Program modulation frequency 


Hod Freq 








to 400 Hz/1000 Hz. 


Program 
Mod Freq 


MF 


float 




Program modulation frequency in units of: 








62 


gigahertz 








MZ 


megahertz 








KZ 


kilohertz 








KZ 


hertz 


MONITOR COMMANDS 


Input Bit 


IB 


none 


BIT 


Respond with the value of the 








Desig- 


designated hardware bit. 








nator 




Output Bit 


OB 


0/1 


BIT 


Set the designated hardware 








Desig- 


bit to 0 or 1. 








nator 
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Output Oac OD 



Read Byte R8 



Read Word RW 



Define 

Write 

Address 

Write Byte 



Write Word 



Read XA 

Attenuati on 



Write XB 

Attenuation 



Set XD 

Freq uency 
Di rect 



Table 2 ~ 6 . IEEE'488 Commands (cent) 

mt DAC Set the value of the desig- 

Desig- nated hardware DAC to the 
nator value specified by int, 

nt none Read the value of the 

addressed byte. The Generator 
responds with an unsigned integer. 

nt none Read the value of the 

addressed word. The Generator 
responds with an unsigned integer. 



int none 



int none 



int none 



none none 



none none 



float QZ 
M2 
KZ 
HZ 



Defines the address to be 
used by the write byte/word 
commands. 

Write int into the address 
specified with the define 
write address command. 

Write int into the address 
specified with the define 
write address command. 

Read the current attenua- 
tion. The Generator responds 
with an unsigned integer. 

Change attenuation to 6dS 
times the unsigned integer. 
The integer can be 0 to 23. 

Set the frequency hardware 
directly to the specified 
synthesizer frequency. 



RF Output XR 



RF ON/OFF ENTRY 



0/1 none "XRO” programs all attenuation. 

"XR1" restores attenuation to 
its previous state. 



RF Output RO 0/1 none Turn RF output off/on. 
SPECIAL FUNCTION ENTRY 



Special 

Functions 



00 

02 

□3 

04 

07/08 

09 

10 
11 

12/13 

14 

15 

20/21 

30/31 

70 

71 

72 
80 
81 
82 

83-86 

90/91 



Clears all special functions 
Initiates self test 
Display check 
Key check 
Set/reset SRQ 

Display S/W rev and instr ID 
Display 1EEE“488 address 
Display self-test results 
Turn on/off display 
Initialize memory 
Latch test 

Disable/enable relative freq 
Di sable/enable relative ampL 
Medium key repeat rate 
Fast key repeat rate 
Slow key repeat rate 
Enable all Level correction 
Disable all level correction 
Disable attenuator correction 
Program alternate 24dB attens 
Di sable/enable ampL fixed ring 
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Table 2-8. IEEE-488 Commands (cont) 



SRQ COMMANDS 


Interrogate 
SRQ Mask 


IM 


none 


none 


Interrogate the SRQ mask. The 
Generator responds with the 
decimal value of the SRQ mask. 


Set SRQ 


SM 


int 


none 


The SRQ mask is set to int. 


Local 
Operation 
Alert Mode 


XF 


0/1 


none 


Disable/enable a mode to set 
SRQ each time a local entry 
is made. This SRQ is enabled 
by setting the front panel 
bit in the SRQ mask. 


STEP ENTRY 


Program 
FREQ STEP 
Size 


FS 


float 


GZ 

MZ 

KZ 

HZ 


Program frequency step size in units of; 

gigahertz 
megahertz 
ki lohertz 
hertz 


Program 
AMPL STEP 
Size 


LS 


float 


V 

MV 

UV 

NV 

DB 


Program amplitude step size in units of: 
volts 

millivolts 
microvolts 
nanovolts 
dB or dBm 


Program 
AM STEP 
Size 


PS 


float 


PC 


Program AM step size in 
percent. 


Program 
FM STEP 
Size 


DS 


float 


GZ 

MZ 

KZ 

HZ 


Program FM step size in units of: 

gigahertz 
megahertz 
kilohertz 
hertz ■ 


Step Up/Down 


SU/SD 


none 


none 


Step the currently selected 
step function up/doun one step. 


Step Up/Down 
Frequency 


FU/FD 


none 


none 


Change the current step 
function to frequency and step 
frequency up/down one step. 


Step Up/Down 
Amplitude 


LU/LD 


none 


none 


Change the current step 
function to amplitude and step 
amplitude up/down one step. 


Step Up/Down 
AM 


PU/PD 


none 


none 


Change the current step function to AM 
and step AM up/down one step. 


Step Up/Doyn 
FM 


DU/DD 


none 


none 


Change the current step function to FM 
and step FM up/down one step. 


TRIGGER COMMANDS 


Configure 

Trigger 


a 


string 


none 


Configures the trigger. Each time a 
trigger command or a group execute 
trigger interface message is 
received# the Generator executes the 
string of commands. The string record 
must end with a record terminator. 
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Trigger 



Table 2-8. IEEE-488 Commands (cont) 

One none Trigger command. Equivalent to the group 
execute interface message. Upon processing 
the trigger command, the Generator executes 
the string, which has been preprogrammed 
with the configure trigger command. 



2-37. PROGRAMMING EXAMPLE 1 

Use ihe following procedure to program the Generator with a Fluke 1722A Instrument 
Controller to this state: 

Frequency 210 MHz 

Amplitude 6 dBm 

Modulation Freq. 1000 Hz 
FM 5 kHz 

Internal FM ON 

AM 15% 

External AM ON 

1. Connect the Generator to the Controller with an IEEE-488 eable. 

2. Set the address switch of the Generator as follows (as viewed from the rear of the 
instrument): 

00000010 

3. Enter the following program into the Controller: 

1 ! Fluke 1722A BASIC p-rogram to control a 6060B. 

2 ! The Address of the 6060B is 2. 

3 AX = 2% 

10 ! Clear the 6QA0B so that it is in a knoun state. 

15 INIT FORT 0 
20 REMOTE \ CLEAR SAX 
100 ! SET THE 6060B. 

no PRINT SAX. "FR210MZ, AP6DB. MRl. FM5KZi Fll. Am5PC. AEl" 

999 END 



4. Run the program by typing on the Controller "RUN (RETURN)". 

2-38. PROGRAMMING EXAMPLE 2 

The 6060B Signal Generator can be connected to an other 6060B Signal Generator in a 
master-slave configuration. In the following example, two Generators are configured to 
track each other in frequency. This configuration may be used to track frequency, 
amplitude, AM, or FM. 

1. Connect two 6060B Signal Generators together with an IEEE-488 cable. 

2. Set the rear panel address switch of the first Generator (talker) as follows; 

00100000 

3. Set the rear panel address switch of the second Generator (listener) as follows; 

01000000 

4. Manually program the talker Generator as follows: 



FUNCTION 
Frequency 
Step Function 
Frequency Step 



VALUE KEY SEQUENCE 

2T0 MHz CFREQJ Z21 C13 CO] CMHzjV] 

Frequency CFREQ] CSTEP] 

1.25 kHz Cl] C-] C2] C5] CkHz|mV] 
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5. Manually program the listener Generator as follows: 



FUNCTION 
Frequency 
Step Function 
Frequency Step 



VALUE KEY SEQUENCE 

195 MHz CFREQJ tU 192 C5D CMHzlVJ 

Frequency LFREQJ CSTEPJ 

1,25 kHz C13 Z.l C23 Z51 CkHzjmVn 



6. On the talker Generator, press the [ ♦ ] STEP or[ * ] STEP keys. Each time the 
key is pressed, the frequency of both Generators increases or decreases by 1.25 
kHz (the Frequency Step) at frequencies 15 MHz apart. 

Different functions on each Generator can be programmed to track in the master-slave 
configuration. In other words, while the master Generator can be programmed to step 
increase 25 kHz FM, the Slave Generator can be programmed to step 25% AM. 

NOTE 

To use the step function feature for other functions, change the step function 
on the Generators to the desired functions. 



2-39. PROGRAMMING EXAMPLES 

In the following example, the Generator is programmed by a Fluke 1 722A Controller (via 
the IEEE-488 bus) to the same state as in Programming Example 1. Additionally, the 
frequency step size is set to 1 ,25 kHz, and the trigger buffer is programmed to execute the 
step up command when the trigger command is received. The SRQ mask of the Generator 
is set to generate an SRQ when the RF output has settled and the Generator is ready for 
more input from the bus. 

The program then enters a loop where it waits for the ready SRQ, sends the GET (group 
execute trigger) interface message to step up the frequency, and waits again. At this time 
you should do the following: 

1, Connect the Generator to the Controller with an IEEE-488 cable. 



2. Set the rear panel address switch of the Generator as follows: 
00000111 



3. Enter the following program into the Controller: 



1 ‘ Fluke 1722A BASIC program to control a 6060B. 

2 ! The address of the 6060B is 7* 

3 A% ■ 7% 

lO ! Clear the 6060B so that it it In a knomn state, 

15 INIT PORT 0 
20 REMOTE «AX S CLEAR 
100 \ Set the 6060B. 

110 PRINT €A%, "FRZIOMZ^ AP6I>BiMRl,FM5KZ»FU.AM15PC;AEl" 

120 ! Set the frequency step, output valid mode. 

122 ! and configure the trigger buffer. 

130 PRINT QAX. "FSl, 25K2. VMl, CTSU" 

140 ! Set the SRQ mask to enable "output valid” SRQ 
150 PRINT eA5t, ”Sm6'' 

160 ! Wait for above commands to finish processing 
170 WAIT 1000 \ SX “ SPL <A7.> 

IBO ! Trigger the first step up 

190 TRIO SAX 

300 ! Wait for SRQ 

310 ON SRQ GOTO 800 

320 WAIT FOR SRQ 

800 OFF SRQ 

810 ; Check the serial poll response 
820 SX = SPL (AX) 

830 IF (S% AND 64X+16X) < > 80% THEN PRINT sX> ” Bad Serial Poll Response" 
840 ! Trigger the next step up 
650 TRIO IaX 

860 ! Resume operation-- ualting for next SRQ 
870 RESUME 300 
999 END 
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4. Run the program by typing on the Controller “RUN (RETURN)”. 

2-40. Interface Functions 

The Generator implements a subset of interface functions defined by the IEEE Standard 
488-1978. Table 2-9 summarises the interface functions implemented. This section 
describes the operation of the Generator in response to interface messages associated with 
each interface function. 



Table 2-9. IEEE-488 Interface Functions List 



FUNCTION 


DESCRIPTION 


SH1 


Complete source handshake capability 


AH1 


Complete acceptor handshake capability 


T5 


Basic talker. Talk only. Serial poll. Unaddressed if MLA 


TED 


No extended talker capability 


i_5 


Basic Listener, Listen only. Unaddressed if MTA 


LEO 


No extended listener capability 


SRI 


Complete service request capability 


RL1 


Complete remote/Local capability 


PPO 


No parallel poll capability 


DC1 


Complete device clear capability 


OTI 


Complete device trigger capability 


CO 


No controller capability 


El 


Open-collector drivers 



2-41. Address Mode 

In the address mode, the Generator may be operated from local (using the Front Panel 
keys) or from remote (using the IEEE-488 Interface). The following paragraphs describe 
the operation of the Generator in both states and transitions between the states. 

The available IEEE-488 messages and their descriptions for the address mode of 
operation are presented in Table 2-10. 

2-42. LOCAL OPERATION 

The Generator powers up in the local mode. When in local mode, the following 
conditions arc present: 

The front panel indicator REM, is not lit. 

Device trigger (GET), device dear (DCL), and selected device clear (SDC) interface 
messages are ignored. 

All device dependent messages are ignored. 

If the data output was requested while the Generator was in the remote mode, the 
data output of a talker may be sent. 

2-43. GOING FROM LOCAL TO REMOTE 

The Generator switches from local to remote when the “my listen address message” 
(MLA) is received, and the Remote Enable (REN) signal is true. 
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Table 2-10. IEEE-488 Address Mode Message Descriptions 



MESSAGE 


DESCRIPTION 


pon 

Power“0n 




TaLker 

Operation 


When powered up, the Generator generates a Power- 
On message (pon) and clears its output buffer. The 
Generator is not addressed to talk when powered up. 


Listener 

Operation 


The Generator is not addressed to Listen when the power 
is turned on. 


Service 

Request 

Operation 


The state of the Service Request (SRQ) signal on pon 
is determined by the SRQ mask. Because of the non-volatile 
memory, the SRQ mask is the same as when the power was 
removed. Therefore, if the SRQ mask enables the power 
on, output valid, or ready SRQs, the SRQ signal will be 
true during pon. 


MTA 

My Talk Address 




TaLker 

Operation 


The Generator is addressed to talk upon receipt of 
the MTA message. The front panel 'ADDR' indicator is 
Lit while the Generator is addressed to talk. 


Listener 

Operation 


The Generator unlistens when the MTA message is received. 


ML A 

My Listen Address 




TaLker 

Operation 


The Generator untalks when the MLA message is received. 


Listener 
Operati on 


The Generator is addressed to listen when the MLA 
message is received. The front panel 'ADDR' indicator 
of the Generator is lit while the Generator is addressed 
to listen. 


Data 




TaLker 

Operation 


The Generator sends data to the IEEE-488 bus only when 
requested by a programming data message. Message formats 
are described in the Command Description paragraphs. An 
End of Record (EOR) character is sent with EOI asserted 
following all outputs. The EOR character is either a 
carriage return or a Line feed, depending on the setting 
of the terminator mode. The parity bit is always zero. 
Multiple output requests are buffered until the buffer 
is full. Processing of programming data messages is 
stopped until the buffer is no longer full. The buffer 
can be cleared with the Clear Buffer command C"CB"). The 
buffer is also cleared on power up (pon), with a Clear 
Command ("CL"), or with a Device Clear interface message 
(DCL or SDC). 


Listener 

Operation 


Command syntax, error processing, and input buffer 
overflow are described in the paragraphs on Command 
Processing, Refer to Table 2-8 for a List of IEEE-4S8 
commands that are recognized by the Generator. 
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Table 2-10. IEEE-488 Address Mode Message Descriptions (cont) 



MESSAGE 


DESCRIPTION 


IFC 

Interface Clear 




Talker 


The Generator untalks and unlistens when the IFC message 


Operation 


is received. 


Listener 


The Generator unlistens and untalks when the IFC message 


Operation 


is received. 


OTA 

Other Talk Address 




Talker 

Operation 


The Generator untalks when the OTA message is received. 


SPE 

Serial Poll Enable 




Talker 


After receiving the SPE message, the Generator responds 


Operation 


with the serial poll status byte, if addressed to talk. 


SPD 

Serial Poll Disable 




Talker 


After receiving the SPD message- the Generator resumes 


Operation 


normal talk operation. 


ULA 

Unlisten Address 




Listener 


The Generator unlistens when the ULA message is 


Operation 


received. 


RSV 

Request Service 




Service 


The front panel SRQ indicator is Lit when the rsv 


Operation 


message is sent. The Generator may request service 
for several reasons. Each reason for service request 
can be individually masked with the set mask command 
("SM"). The service request mask can be interrogated with 
the interrogate mask command 


bCL 

Device Clear 




Clear 


The DCL message is ignored when in local. When the DCL 


Operation 


message is received (during remote operation) the 
Generator is cleared. Any characters in the input buffer 
are cleared followed by the same operation as the clear 
command ("CL"). The operation of the DCL message is 
identical to the operation of the selected device clear 
(SDC) message. The cleared state of the Generator is 
described in the paragraphs on Power-On Conditions. 



I 



I 
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Table 2-10. IEEE’488 Address Mode Message Descriptions (cont) 



MESSAGE 


DESCRIPTION 


SDC 

Selected Device 
Clear 




Clear 


The SDC message is ignored during local operation. 


Operation 


When the SDC message is received (during remote 
operation), the Generator is cleared. Any characters in 
the input buffer are cleared followed by the same 
operation as the clear command ("CL"). The operation of the 
SDC message is identical to the operation of the device 
clear (DCL) message. The cleared state of the Generator 
is described in the paragraphs on Power-On Conditions. 


GET 




Group Execute 
Trigger 




Trigger 


The GET message is ignored during local operation. When 


Operati on 


the GET message is received (during remote operation), 
the Generator executes a command string that has been 
preprogrammed with the Configure Trigger command ("CT"). 
The operation of the GET message is identical to the 
operation of the Trigger ("TR") command. 


Undefined IEEE-488 
Commands 


AIL undefined IEEE-488 commands are acknowledged by the 
Generator handshake sequence, but no action is taken. 



2-44. REMOTE OPERATION 

When in the remote mode, the following conditions are present: 

The front panel REM indicator is lit. 

Device trigger (GET), device clear (DCL), and selected device clear (SDC) interface 
messages are processed. 

All device-dependent messages are processed during the remote mode, 

2-45. GOING FROM REMOTE TO LOCAL 

The Generator switches from remote to local mode in one of the following ways: The 
IEEE-488 Go To Local (GTL) message is received, the remote enable signal REN is false, 
or a Return To Local (rtl) message is generated by pressing the front panel [CLR/ LCL] 
key (if the Generator is not in the local lockout mode). 

The Generator enters the local lockout mode when the Local Lockout message (LLO) is 
received. The Generator exits the local lockout mode to the local mode when REN is 
false. 

When switching from remote to local, unprocessed commands in the input buffer are 
processed until the input buffer is cleared or a front panel entry is made. Switching to 
local has no effect on the contents of the output buffer. 

2-46. Talk-Only Mode 

Figure 2-6 shows two 6060B connected together with the IEEE-488 Bus. 
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To select the talk-only mode, set the TALK ONLY address switch to I (up). If the talk- 
only address switch and the listen-only address switch are set to 1, the talk-only mode is 
selected. 

In the talk-only mode, the listener, remote/ local, service request, device clear, and device 
trigger interface functions do not apply. 

If the talk-only mode is selected, the Generator is always addressed to talk and the front 
panel ADDR indicator is always lit. The Step Up (“SU”) or Step Down (“SD”) message 
is sent when the [ * ] STEP or [ ♦ ] STEP front panel keys are pressed. This output is not 
buffered and if no listener is connected to the IEEE-488 Interface, no output will be sent. 
A carriage return followed by line feed (with the EOI signal true) are always sent as the 
end of record. 

2-47. Listen-Only Mode 

To select the listen-only mode, set the LISTEN ONLY address switch to 1 (up). If the 
talk-only address switch and the listen-only address switch are set to 1, the talk-only mode 
is selected. 

If the listen-only mode is selected, the Generator is always addressed to listen, and the 
front panel ADDR indicator is always lit. The Generator listens and responds to all data 
messages on the IEEE-488 Interface. The response to data messages is the same as in the 
addressed mode of operation except that requests for talker output are ignored. 

In the listen-only mode, the talker, remote/local, service request, device clear, and device 
trigger interface functions do not apply. 

2-48. Command Syntax 

The Generator IEEE-488 bus commands alphabet consists of the letters A through Z 
(upper and lower case letters are treated equally), digits 0 through 9, and the following 
special characters: 

@ . , ; + - CR LF 

Spaces, tabs characters, and the parity bit are ignored. 

The IEEE-488 commands for the Generator consist of the following three parts: 

Header 

Numeric 

Suffix 
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The header is always required, but the numeric and suffix may be optional. This rule gives 
the following four possible combinations: 

{HEADER) 

{HEADER) {NUMERIC) 

{HEADER) {NUMERIC) SUFFIX) 

{HEADER) (SUFFIX) 

Multiple commands may be separated with one of the end of string (EOS) characters 
or Use of EOS characters facilitates recovery in the event of a syntax error and will 
also enhance readability. 

2-49. COMMAND HEADER SYNTAX 

The command header is a two alpha-character string. A list of the IEEE^88 command 
headers used on the Generator is presented in Table 2-8. The header determines the 
syntax of the numeric and suffix as listed in the table. 

2-50. NUMERIC DATA SYNTAX 

There are four types of numeric data: Boolean, unsigned integer, floating point, and 
trigger string. The following paragraphs describes each of the four numeric data formats. 
A syntax diagram is included for each format. 

1. Boolean 

Boolean numeric data must be either a “0” or a ''*V\ All other characters will 
result in a syntax error. 




2. Unsigned Integer 

Unsigned integers may be specified in decimal or in hexadecimal. Any number 
of decimal digits are accepted. However, values greater than 65,535 are rejected. 
Hexadecimal numbers are preceded by an “X”. Only 4 hexadecimal digits are 
accepted. Specifying a number in hexadecimal for the read word and read byte 
commands causes the response to be sent in hexadecimal. Decimal digits may be 
the numerals 0 through 9. Hexedecimal digits may be the hexadecimal digits 0 
through F. 
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3. Floating Point 

The floating-point numeric data format is the most flexible format. Digits may 
be the numerals 0 through 9. Any number of digits are accepted for both the 
number and the exponent. However, numbers greater than 2,147,483,629 are 
truncated, and exponents greater than 32,749 are rejected. 




4. Trigger String 

The trigger string numeric data is a string of Generator commands terminated 
with an EOR. The string may be up to 71 characters not including the EOR. 
Commands in the string are not checked for validity until the trigger string is 
executed with the trigger command. 

EOR is the end of record character. This character is selectable with the 
terminator mode command. “TMO” selects the linefeed character. “TMl” 
selects the carriage return character. The IEEE-488 interface signal EOI 
asserted with any other character is also considered an end of record. 

EOS is an end of string character, use either or “/’• 




2-51. SUFFIX SYNTAX 

Suffixes are always one or two alpha-characters. Certain suffixes are used to scale the 
numeric (the same as the front panel UNITS keys). Other suffixes mnemonically 
designate hardware components. The five types of suffixes are described in Table 2-1 1. 

2-52. Command Descriptions 

The following paragraphs describe the remote IEEE-488 Interface operating commands 
that are not accessible from the front panel of the Generator. IEEE-488 Interface 
commands that are accessible from the front panel of the Generator are described earlier 
in this section. 
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Table 2*11. Suffix Types 



SUFFIX TYPE 


SUFFIX 


MNEMONIC EQUIVALENT 


EXPONENT 


Frequency and FH 


GZ 


gigahertz 


9 




MZ 


megahertz 


6 




KZ 


ki Lohertz 


3 




HZ 


hertz 


0 


Amplitude 


V 


volts 


0 




MV 


millivolts 


“3 




UV 


microvolts 


**6 




NV 


nanovolts 


-9 




DB 


dBm or dB 


0 


AM 


PC 


percent 


0 


DAC/BIT Designators 


DAC and BIT designators 






are two alpha-character 






mnemonics that refer to 






hardware DACs and bits. 






Refer 


to the paragraphs 






on Monitor Commands for 






a complete list of 






designators. 




Learn Suffix 


A learn suffix is a 






string of ASCII 






characters that contain 






coded 


memory location 






contents. Refer to the 






paragraphs on Binary 






Learn 


Commands for 






decoding of the Learn 






string. 





2-53. BINARY LEARN COMMANDS 

Front panel setups are stored in the memory of the Generator in a packed binary format. 
The binary learn commands are used to transfer this binary data between an IEEE-488 
controller and the Generator. These commands allow you to minimize the amount of 
programming commands needed to program the entire instrument state. The binary learn 
commands are: 

“LM” Learn Memory 
“LI” Learn Interface 

The syntax for the Learn Memory (“LM”) command is as follows: 

“LM” Memory Location Code 

The Generator responds to the “LM” command with a string of 64 ASCII characters 
followed by an <EOR> (end of record character). This string represents the front panel 
settings (in a packed binary format) that were stored in the memory location specified. 

NOTE 

The <EOR> , end of record character, is sent with EOI asserted. **TM0’' selects 
the linefeed character, and **TM1" selects the carriage return character. 
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Example 

IEEE488 Command: “LM98” 

Response: 

“BOABAAAAPPJMAAAKAAAAAAAABBOBKKAAAAAPECEAA 

BPEAAABDAEEBBAGBLKKMPAC”(EOR) 

Refer to Figure 2-7 for information on how to decode this learn string. 

The syntax for the Learn Interface “LI” Command is as follows: 

“LI” Memory Location Code: Learn String 

The Generator stores the learn string in the memory location designated by the memory 
location code. If the memory location specified is 99, the instrument is programmed to the 
data sent in the learn string. 

Example 

To program the Generator to the Instrument Preset State: 

“LI99BOABAAAAPPJMAAAKAAAAAAAABBOBKKAAAAAPECEAABPE 

AAABDAEEBBAGBLKRMPAC’ 

Note that the binary learn string in this example is the same as the learn string returned 
from memory location 98 which contains a record of the Instrument Preset State. 

Instructions: 

1. Convert the hexadecimal number to a signed decimal number as follows: 

a. Multiply the most significant hexadecimal digit by 16. 

b. Add the next significant digit to the value obtained in Step a, 

c. Multiply thesumofStepbby 16, and add in the next hexadecimal digit until 
the least significant hexadecimal digit has been added. 

NOTE 

If the hexadecimal number started with an 8 through F, the number is 
negative. Perform Step d for negative numbers, 

d. Subtract, 16 from the number raised to the power of the number of digits. 
Example of Instruction I: 

To convert hexadecimal number IE; 

(1 • 16) + 14 = 30 

(Since the most significant digit is 1, the number is not negative.) 





E 
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Displaced Amplitude 

CHAR. POS. 9 10 11 12 59 

CHAR. P P J M K 

HEX Eaiv. S FI S 



INSTRUCTION 



VALUE 



- 100 



RESOLUTION 



.1 dBm 



RESULT 



-10.0 dBm 



CHAR. POS. 
CHAR. 

HEX EOXV. 

INSTRUCTION 

VALUE 

RESOLUTION 

RESULT 



Amplitude Step 
13 14 15 16 58 




10 0 0 A B 





0 






1 t 


IB 



CHAR. POS. 
CHAR. 

HEX EQIV. 



Reference Frequency 
17 18 19 20 21 22 23 24 

aH aH [a a 

[ol ml ml fon lol 



INSTRUCTION 



1 and 4 



Figure 2-7. Learn String Example (cent) 
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CHAR. POS. 
CHAR. 

HEX EOIV. 

INSTRUCTION 

VALUE 

RESOLUTION 

RESULT 

CHAR, POS. 
CHAR- 

HEX EQIV. 





0 


1 





EXT REF-I 

0 - INT 

1 = EXT 



RF 

0 - Off 

1 = On 



External Mod Level 
01 = EXT LO 

10 = EXT HI 

11 = Invalid 
00 = Valid 

Not Used — 



FM Step 

46 4? 48 64 




Data Sat (mlscallaneous data) 
49 SO 51 52 




E 




Q 


3 



0 


1 


0 


3 





1 


0 





EXTERNAL FM 

0 = off, 1 s on 



INTERNAL FM 

0 = off, 1 = On 



EXTERNAL AM— - 
0 = Off, 1 = on 



L 



Relative Amplitude 
(special function 
3x). 

0 ^ Off, 1 = On 



— Relative Frequency 
special function 2x) 
0 = off, 1 - on 

Step Function 

001 = FREQ, 010 = AMPL, 

100 = MOD 



“^—Modulation Rate 

01 = 400 Hz, 10 = 1000 Hz 

•INTERNAL AM 
0 = Off, 1 - on 



Figure 2-7. Learn String Example (cont) 
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CHAR. POS. 
CHAR. 

HEX EQIV. 
INSTRUCTION 

CHAR. POS. 
CHAR. 

HEX EQIV. 



Checltsuffl 
61 62 




Data Set #2 CraisceUaneous data) 
53 54 55 56 



r 


□ 




A 




g| 






X 




X 




1 


r 




0 




0 




T1 



b b b h b b b 1 b b b b b h h b 



Kay Repeat Rate ■■ ■■■ — 
(Special function 7x) 

00 a MEDIUM 

01 * FAST 
10 a SLOW 

AMPL bright digit- 

00 = 1st digit 

01 = 2nd digit 
11 = 3rd digit 



CHAR. POS. 
CHAR. 



•Freq. bright digit 
0001 = 1st digit 

0010 B 2nd digit 

0011 * 3rd digit 

0100 » 4th digit 

0101 » Sth digit 

0110 = 6th digit 

0111 = 7th digit 



— » Modulation display 
0 * AM, 1 * FM 

AM bright digit 
0 s 1st digit, 1 * 2nd digit 



FM bright digit 

00 = 1st digit 

01 - 2nd digit 
10 = 3rd digit 



Amplitude Special Functions 
63 



HEX EQIV. 



binary EQIV. 



0 0 0 0 



Amplitude I 

Correction ‘ 

(Special Function Sx> 

00 = ALL Correction on 

01 ‘ Attenuator Correction off 
10 = ALL Correction off 



I Amplitude Fixed Range 

ii m i m (Special Function 9x) 

00 = Fixed Range off 

01 = Fixed Range on 



Figure 2-7. Learn String Example (cont) 
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To convert hexadecimal number FF9C; 

(((((15 * 16) + 15) * 16) + 9) * 16) + 12 = 65436 

(Since the most significant digit is F, the number is negative.) 

Using Step d; 16 4 = 65536, 65436-65536 = -100. The signed decimal equivalent to 
FF9C is -100. 

2. Amplitude quantities have a number and a resolution associated with them. 
This applies to the Displayed Amplitude, Reference Amplitude, and Amplitude 
Step. 

Use the following procedure to identify the resolution of an amplitude quantity: 

a. If the resolution is A or B (hexadecimal), the resolution of the number is 0, 1 
dBm or 0.1 dB units. 

Example: 

The Displayed Amplitude (in this figure) is -100 with a resolution of A. 

a. The actual displayed amplitude is -10.0 dBm. 

b. If the stored resolution is 0 through 9 (hexadecimal), the amplitude quantity 
is in volts. To convert the number to the actual amplitude in nanovolts, 
multiply the amplitude number by the power of ten represented by the 
resolution. 

Example: An Amplitude Step of 12, with a resolution of 6 would be an 
actual amplitude step of 12,000,000 nV or 12 mV. 

3. If the Relative Amplitude mode is off, the data stored in the reference amplitude 
location is not used. 

4. If the Relative Frequency mode is off, the data stored in the reference frequency 
location is not used. 

5. FM and FM Step quantities have a number and a resolution associated with 
them. To convert the number to the FM quantity in Hz, multiply the number by 
the power of ten represented by the resolution. If the Low-Rate FM option is 
installed, the FM quantity, adjusted by the resolution, has a resolution of 0.1 

Hz, 

Example: The FM number (in this figure) is 500, with a resolution of 10 Hz, The 
actual FM deviation is 5000 Hz. 

6- The checksum data is calculated by adding the data in the learn string, two 
hexadecimal digits at a time. The total, including the checksum, should add up 
to a number whose least significant two hexadecimal digits are 01. 

NOTE 

The memory locaiion code musi be an unsigned integer indicating the memory 
location to he learned. Memory location 99 refers to the current instrument 
settings. Memory location 98 refers to the Instrument Preset State as listed in 
Table 2-3. 
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The characters in the learn string correspond to each Generator function. A description 
of how to interpret the characters in the learn string is given in Figure 2-7. Table 2-12 
shows the conversion from the learn string to the hexadecimal character. 



Table 2-12. Learn Character to Hexadecimal Conversion 



LEARN 


HEXADECIMAL 


DECIMAL 


character 


EQUIVALENT 


EQUIVALENT 


A 


0 


0 


B 


1 


1 


C 


2 


2 


D 


3 


3 


E 


4 


4 


F 


5 


5 


6 


6 


6 


H 


7 


7 


I 


8 


8 


J 


9 


9 


K 


A 


10 


L 


e 


11 


M 


c 


12 


N 


D 


15 


0 


E 


14 


P 


F 


15 



2-54. CLEAR COMMANDS 

The following IEEE-488 clear commands are recognized by the Generator: 

“CB” Clear IEEE-488 input buffer 

“CE” Clear IEEE-4S8 rejected entry error status 

“CL” Clear instrument 

The “CB” command can be used to clear the Generator output buffer. The output buffer 
should be cleared at the beginning of any remote program to synchronize data output. 
The output buffer is also cleared on power up, with the “CL” clear Generator command, 
or by the SDC and DCL dear interface messages. 

The “CE” command can be used to explicitly clear the error status. The error status is also 
cleared when it is interrogated with the ‘TR” command, or the “CL” clear Generator 
command, or the SDC and DCL clear. 

The “CL” command is used to clear the instrument state. The same actions are performed 
with the SDC and DCL clear interface messages. (In addition, the input buffer is cleared 
with the clear interface messages.) The following IEEE-488 commands are performed 
with the clear Generator command: “RC98, ROl, CE, CB, RMO, TMO, EMO, VMO, 
UMO, SM192, SP08, XFO, DWO, CT”<EOR). 

2-55. INTERFACE MODE COMMANDS 

Interface Mode commands are used to configure the Generator for different modes of 
IEEE-488 interface operation. Since the Generator knows when its RF output has settled, 
it can be configured to synchronize itself with the Controller. This eliminates WAIT 
statements in the program, which are normally used to allow time for the output of the 
controlled device to settle. Table 2-13 lists the Interface Mode Commands. 
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Table 2-13. Interfade Mode Commands 



1 

COMMAND 


DESCRIPTION 


COMMAND STATUS 


"EM" 


Error Mode 


1 - on,. 0 s off 


"RM" 


Record Mode 


1 = on, 0 = off 


"TM" 


Select Terminator 


1 = CR, 0 = LF 


"UM" 


Unbuffered Mode 


1 = on, 0 = off 


"VM" 


Valid Mode 


1 = on, 0 ~ off 



The error mode selects when the IEEE-488 rejected entry status is cleared. If turned on, 
the error status is cleared when a new message is processed. If turned off, the status is 
cleared only when interrogated with the “IR” (interrogate rejected entry) command or 
when explicitly cleared with the “CE” (clear error command). 

The record mode selects whether the message unit is a record or a command. When 
turned on, the message unit is a record. When turned off, the message unit is a command. 

The terminator mode selects the character used as the record terminator. The terminator 
character is not used for command processing unless the record mode is enabled. When 
turned on, the record terminator CR (carriage return) is used. If turned off, the record 
terminator LF (line feed) is used. The record terminator character is the last character in 
all IEEE-488 messages sent from the Generator. 

The unbuffered mode selects when messages from the IEEE-488 interface are processed. 
When turned on, messages are read from the IEEE-488 interface only when the 
microprocessor is ready to process them. In this mode, the input buffer will contain a 
maximum of one message. (A message may be one command or one record, depending on 
the setting of the record mode,) When turned off, messages are read from the IEEE-488 
interface to the input buffer of the Generator at the fastest rate. In this mode, the input 
buffer may contain up to 80 characters. 

The valid mode selects when messages are processed by the Generator microprocessor. 
When turned on, processing of a new message is begun only after the RF output has 
settled and become valid. When turned off, a new message is processed immediately after 
the completion of the previous message. 

The interface modes can also be programmed using the command, n (where n is an 
integer). The interface modes are set to the value of n where n is the sum of the codes for 
the desired modes. The integer codes for the interface modes that can be programmed 
using the n commands are as follows: 



Terminator Mode 


- 1 


Record Mode 


= 2 


Valid Mode 


- 4 


Unbuffered Mode 


= 8 


Error Mode 


= 16 



For example, to select the record mode and valid mode, the command is 6. 
Interface Mode Example 

In this example, the RF output of Generator is connected to a circuit that is being 
measured by a voltmeter. The output of the Generator must be settled before the 
voltmeter is given it’s command to make a measurement. 
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A Fluke 1722A program might look something like: 



PRINT «i. 
PRINT SI. 
PRINT S2/ 
INPUT S2, 



"CL# TMl# RMl. VMl# UMl 
"FRIOOMZ. AP-2SDB" 

.1 ^ » 

R» 



initlallzt the 6060# select mo()es 
program the 6060 
trigger the voltmeter 
get the reading 



The entire record is transferred into the Generator before processing begins. In this 
example, processing begins when the record terminator CR is received. The following 
character (LF in this case) will not be received into the Generator until the entire record is 
processed and the output has settled. No wait statement is needed between setting up the 
Generator and taking the measurement because the Generator will not handshake the LF 
character until its output has settled. 



NOTE 

A record is a string of characters separated by (EOR>. A message is the 
smallest group of characters that the Generator can process when programmed 
from the IEEE-488 interface. 



NOTE 

The output valid state of the Generator occurs 45 ms after any hardware has 
been changed. 

2-56. INTERROGATE COMMANDS 

Interrogate commands allow the status of the Generator to be given over the IEEE-488 
interface. These commands consist of headers only. The interrogate commands available 
on the IEEE^88 interface are: 



“ID” Give Instrument ID 

“IE” Elapsed Time Indicator 

“II” Interface Mode Status 

“lO” Option Loading 

‘TR” IEEE-488 Rejected Entry Status 

“IT” Self-Test Results 

“lU” UNCAL (uncalibrated) Status 

“IV” Software Revision Level 



When the “ID” command is sent, the Generator responds with its instrument model 
number (and end of record character) as in “6060B”<EOR> . 

When the “IE” command is sent, the Generator responds with the time the instrument 
has been in operation since it was manufactured. The time is 9 digits, a decimal point, a 
lOth digit and the <EOR> character. The time is in .1 hour units. For example, 
“000003459.3”<EOR> indicates 3459.3 hours of operation since manufacture. 

The “II” command interrogates the current selection of interface modes. A 5-digit integer 
followed by the (EOR> character is the sum of the modes selected as follows: 



Terminator mode= 1 
Record mode = 2 
Valid mode = 4 
Unbuffered mode= 8 
Error Mode = 16 
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The “IO”command interrogates the Generator for its option complement. The returned 
record contains three integers, separated by commas, that indicates configuration of 
options. For the 6060B, the first number is always 6, which indicates that the Generator 
being interrogated is in fact a 6060B. The two remaining numbers are the sum of the 
option related numbers as follows; 

2nd Number 

4 = “130 High-Stability Reference Option 
8 = -651 Low-Rate FM Option 
16 = -132 Medium-Stability Option 



3rd Number 

2 " -830 Rear Output Option 

For example, “6,12,2” would indicate a 6060B with options -651, -130, and -830. 

The “IR” command interrogates the Generator for rejected entry error status. (Sec Table 
2-6 for a list of rejected entry codes.) The returned record is the sum of errors that have 
been detected while processing IEEE-488 commands. The status is cleared when 
interrogated with the “IR” command. The status can also be explicitly cleared with the 
“CE” command and is also cleared on the “CL” command and the clear interface 
messages DCL and SDC. 

The “IT” command interrogates the Generator for the self-test results. Table 2-14. lists 
the self-test error codes. The self tests are performed on the Generator power-up and can 
also be initiated with special function 02. 

The self-test results are reported in four fields which are explained in the table. Any non- 
zero code indicates that some tests failed. Further details of the self-test results are listed 
in the Service Section. Table 2-14. shows the self-test error codes. 

The “lU” command interrogates the Generator for the UNCAL entry status. (See Table 
2-5 for a list of the UNCAL Error Codes.) 

The “IV” command interrogates the Generator for its current software revision level. The 
returned record is similar to the following: 

“VLO” <EOR). 

This means that the software revision level is Version 1.0. 



Table 2-14. Self-Teel Error Codee 



MOD FREQ AHPL 

aa -bbb ccc ddd 

aa = Modulation CAM and FM) test results 

= If displayed, indicates the self test did not complete 
bbb = Frequency test results 
ccc = Digital test results 
ddd = Amplitude test results 
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2-57. MONITOR COMMANDS 

The Generator monitor commands are intended for troubleshooting and maintenance 
procedures. They allow the instrument hardware to be programmed to states not 
normally possible with the regular programming commands. 

CAUTION 

The output of the Generator Is not guaranteed If the Generator hardware has 
been changed with these monitor commands. 

There are three types of monitor commands: Input/ Output, Read/ Write, and Hardware 
Control. Table 2-15 lists the Input/Output types of monitor commands- Table 2-16 lists 
the Read/ Write types of monitor commands. Table 2-17 lists the Hardware Control types 
of monitor commands. 

2-58. SRQ COMMANDS 

The Generator asserts the SRQ bus management line on the IEEE-488 interface bus 
whenever the Generator requires service. The Controller can then perform a serial poll to 
determine the need for service. The set mask command is used to designate those needs 
that require service. The SRQ commands are as follows: 

‘‘SM” Set SRQ Mask 
“IM” Interrogate SRQ Mask 
“XF” Local Operation Alert Mode 

The SRQ mask is set to the sum of the reason values listed in Table 2-18. These reason 
values correspond to the allowable reasons that will be requiring service. The SRQ Mask 
is set by the following command sequence: 

*‘SM" Sum of Reasons 

The Generator asserts SRQ when one of the allowed reasons becomes true. The serial poll 
response is the sum of those values for reasons that are currently true, independent of the 
setting of the SRQ mask. For example, if the rejected entry SRQ is enabled with “SM2” 
and a rejected entry occurs, the serial poll response will indicate that the Generator 
generated the SRQ (value of 64) and that a rejected entry occurred (value of 2). In 
addition, other values may be set. The default SRQ mask is 192. 

The “IM” command interrogates the current SRQ mask, and an integer is returned. 

The “XF” command enables a mode that causes an SRQ to be generated any time the 
Generator processes an entry. In this mode, a front panel SRQ is generated (i.e., the serial 
poll response indicates that a front panel SRQ is the cause of the SRQ), This mode is 
enabled and disabled with its own command, not through the Set SRQ Mask commands 
(as are all other SRQs). The Alert Mode is enabled/ disabled as follows: 

“XFO” = Alert Mode off, “XFT’ = Alert Mode on. 

2-59. TRIGGER COMMANDS 

The Generator has the ability to preprogram a command string of arbitrary Generator 
programming commands. This command string is executed whenever the trigger 
command “TR” or the IEEE^88 group execute trigger interface message (GET) is 
received. This method of programming the Generator can be used when a long string of 
commands is to be sent to the Generator over and over. The programming time is 
shortened by the time required to transmit the string of characters from the controller to 
the Generator. 
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COMMAND NAME 


COMMAND VALUE 


DESIGNATOR NAME 


LOCATION 


Read Input 


Bit 


"IB" 


"EX" 


exref 


A2A7, U11-13 








"HS" 


hsopt 


A2A7, U11-14 








"IE" 


ieinL 


A2A7, U11-7 








"LF" 


Lrf m 


A2A7, U40-13 








"MH" 


mLevhi 


A2A7, U40-B 








"ML" 


mLevLo 


A2A7, U40-3 








"NV" 


nvinl. 


A2A7, U11-8 








"RO" 


ropt L 


A2A7, U40-17 








"RP" 


rppL 


A2A7, U11-3 








"RT" 


rptrpL 


A2A7, U11-4 








"SR" 


sh ref L 


A2A7, U40-18 








"TQ" 


trseqL 


A2A7, U40-4 








"UK" 


unLok 


A2A7, U11-17 








"UV" 


unlvL 


A2A7, U11-1B 








"XA" 


msoptl 


A2A7, U40-14 








"XB" 


extra-b 


A2A7, U40-7 


Set Output 


Bit 


"OB" 0 or 1 


"CL" 


cLr 


A2A7, U17-16 








"EA" 


extam 


A2A4, U308-19 








"EF" 


extf m 


A2A4, U308-16 








"FE" 


fmen 


A2A1, U19-19 










front-panel 


A2A7, U17-9 








"HO" 


haocth 


A2A4, U30S-5 








"HT" 


het 


A2A4, U305-9 








"lA" 


intam 


A2A4, U308-1S 








"IF" 


intfm 


A2A4, U308-12 








"LP" 


mid 


A2A4, U305-6 








"MA" 


rmuxO 


A2A1, U32-5 








"MB" 


rmuxi 


A2A1, U32-2 








"MF" 


mf400L 


A2A4. U308-9 








"MG" 


module-gate 


A2A7, U17-6 








"MS" 


trmodl 


A2A1 , U32-15 








"NE" 


nven 


A2A7, U17-5 








"PU" 


pulse 


A2A4, U30S-6 








"RI" 


rinh 


A2A1, U32-9 








"RR" 


rprst 


A2A7. U17-2 








"SE" 


shen 


A2A1, U32-12 








"SH" 


shet 


A2A1, U32-16 








"XO" 


xoenl 


A2A1, U32-6 








"YA" 


extra-a 


A2A7, U17-19 








•*YB" 


extra-b 


A2A7, U17-15 








"YC" 


extra-c 


A2A7, U17-12 


Set Output 


DAC 


"OD" (integer value) (DAC 


Locati On) 








0-255 


"AM" 


AM dac 


n.a. 






0-1 27 


"AT" 


attenuator 


A2A7, U27-5, 6, 9, 












12, 15, 16, 19 






0-1023 


"FM" 


FM dac 


A2A4, U403-6 through 13 






0-7 


"FR" 


FM range 


A2A1, U19-12,15.16 






0-1023 


"KN" 


kn dac 


A2A1, U27-4 through 13 






0-1023 


"KV" 


kv dac 


A2A1, U29-4 through 13 






0-4095 


"LE" 


level dac 


A2A4, U303-4 through 15 






0-255 


"TC" 


temp. comp. dac n.a. 
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Table 2-16. Read/Write Monitor Commands 



CONMAND NAME 


COMMAND SYNTAX 


NOTES 


Read byte 


"RB" memory Location 


1 


Read word 


"RW" memory Location 


1 


befine write address 


"DW" memory Location 


2 


Write byte 


'•WB'* value 


2 


Write word 


"WW" value 


2 



Notes 



1- The Generator responds to these commands with the value of the byte 
or word in the memory location addressed. The memory Location must 
be an unsigned integer. The value returned is followed by an <E0R>. 
If the memory Location is specified in hexadecimal, then the value 
is returned in hexadecimal preceded by an "X". 

2. The [>efine Write Address command specifies the write address used 
with the Write Byte and Write Word commands. When the Write Byte and 
Write Word commands are used, the specified data will be written to 
that write address. 



Table 2-17. Hardware Control Monitor Commands 



COMMAND NAME 


COMMAND SYNTAX 


NOTES 


Read attenuation 


*'XA" 


1 


Set attenuation 


"XB" integer. 


1 


Set synthesizer frequency 


••XD» floating point decimal "MZ" 


2 


RF on/off 


"XR” "0" or *'1" 


3 



Notes 



1. The current settings of the Attenuator can be read or set. The 
attenuation is a number from 0 to 23 where the number specifies the 
multiple of 6-dB attenuation. Zero indicates no attenuation, and 23 is 
the maximun attenuation. Only the attenuators are changed with the 
"XB” command. The value of the attenuation will be output on the "XA" 
command as an unsigned integer followed by <E0R>. 

2. The "XD" command can be used to program the Generator to the specified 
frequency- Only the synthesizer circuits on the Synthesizer PCB is 
programmed. No offset is added, no filters are programmed, no VCO 
compensation is calculated, and no level correction is calculated. 

3. ''XRO" programs all attenuation, and "XRV restores the attenuator to 
its previous state. 



The trigger commands are as follows: 

“Cr’ Configure Trigger 
“TR” Execute Trigger Buffer 

The configure trigger command is followed by a string of any Generator programming 
commands up to 71 characters in length. The validity of the programming commands is 
not checked until the trigger buffer is executed. The power-on value of the trigger string is 
null (nothing). 
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Table 2-18. SRQ Maak and Status Values 



VALUE 


REASON 


TRUE 


FALSE 


1 


R^ady 


Input buffer is empty 


Input buffer is not 






and no commands are 


empty or commands are 






being processed. 


being processed. 


2 


Rejected Entry 


ieee- 488 rejected 


ieee- 488 rejected 






entry; error code is 


entry error; code is 






not zero. 


zero. 


4 


UncaLibrated 


RF output i s not 


RF output is 






calibrated. (Front 


calibrated. C Front 






panel ’UNCAL' indi- 


panel *UNCAL' indi- 






cator is lit.) 


cator is not Lit.) 


8 


Power on 


Instrument has 
powered up. 


Special function 08. 


16 


Output valid 


RF output is settled. 


RF output is not 
settled. 


32 


Not Used 






64 


RQS 


SRQ mask ANDed with 


Reason for SRQ goes 






currently set values 


away or serial poll 






is not zero. 


is performed. 


128 


Front panel 


Special function 07. 


Special function 08. 



The trigger command causes execution of the trigger buffer, which has been 
preprogrammed with the configure trigger command “CT’\ The trigger buffer can also be 
executed by sending the IEEE-488 group execute trigger interface message (GET). 

2-60. Command Processing 

The following paragraphs describe how IEEE-488 commands are processed by the 
Generator. Command processing is a term for how commands are executed and how 
errors are handled. 

2-61. COMMAND EXECUTION 

The execution of the IEEE-488 commands depends on the selection of interface modes 
with one exception: if an IEEE-488 input is buffered and the buffer becomes full, 
command execution starts and no further input is accepted until there is room in the input 
buffer. For more details, refer to the paragraphs on Interface Modes. 

2-62. ERROR HANDLING 

The Generator detects two types of errors while processing lEEE-488 commands: syntax 
errors and processing errors. Ail errors are accumulated until the error status is 
interrogated or is explicitly cleared. The IEEE-488 rejected entry status is interrogated 
with the *TR” command. The error status is cleared with one of the following commands: 

“CE” Clear Error Command 

“CL” Clear Command 

DCL or SDC Clear Interface Messages 

The error status is also cleared on power-up. 







I 



I 




2-60 




INSTALLATfON AND OPERATION 







The SRQ mask can be set to assert SRQ when an error is detected. The SRQ is unasserted 
when the error status is cleared. 

Syntax errors are commands that do not have the correct syntax for the specified header. 
For example, “FES” is a syntax error because the external FM command requires a 
Boolean numeric field. Unrecognized headers are also syntax errors. An IEEE-488 
syntax error causes all commands from the point of the error up to the next string 
terminator or record terminator to be ignored. 

Processing errors are commands that are syntactically valid, but the requested value is 
outside the range of programmable values. For example, “FR99GZ” is syntactically 
correct, but the Generator cannot be programmed to a frequency of 99 gigahertz. 
Command processing continues with the next command, 

2-63. Timing Data 

The programming time can be broken down into four groups: transfer of commands to 
Generator, command parsing time, software programming time, and instrument settling 
time. 

The total programming time depends on the selection of the interface modes. In some 
modes, programming steps are performed in parallel and can increase throughput. This 
section gives some typical timing data for the above four programming steps and 
describes how the interface modes affect their relative timing. 

2-64. TRANSFER OF COMMANDS TO GENERATOR 
The maximum rate of transfer is 0.4 to 0.5 ms per character. With most IEEE488 
controllers, all characters sent with a single output or print statement is transferred 
together at the maximum rate. The total time to transfer commands to the Generator is 
obtained by multiplying the number of characters by the rate of transfer. 

2-65. COMMAND-PARSING TIME 

Command-parsing time is the sum of the time required to process the header, the 
numeric, and the suffix. Some commands do not have numerics or suffixes. Table 2-19 
gives the typical time it takes to process the different components of a command. 

2-66. SOFTWARE PROGRAMMING TIME 

The minimum time required to process a command is 20 ms. Most of the commands that 
do not program the hardware (such as storing step values) are programmed in 20 ms. 
Table 2-20 gives the typical time value for programming the different functions in the 
Generator. 

2-67. INSTRUMENT-SETTLING TIME 

Commands that do not change the state of the hardware (such as programming step 
values) have no settling time after the software-processing time. 

For all other Generator parameters, except frequency and recall, the instrument has 
settled by the time the software-programming time is up, so no additional instrument- 
settling time is required. 

Worst case frequency changes (including recalls) typically settle within 35 ms after the 
software-programming time. If level correction is disabled, this settling time is increased 
to 45 ms. Small frequency changes (not crossing a band) typically settle by the time the 
software-programming time is up, so no additional instrument-settling time is required. 
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Table 2-19- Command-Pareing Time 



COMMAND COMPONENT 
Header 

Boolean Numeric 
Unsigned Integer Numeric 
Floating-Point Numeric 
Trigger“String Numeric 
Suffix 

Learn-Interf ace Suffix 



2 ms 
1 ms 

Z ms + 1 ms per character 
Z ms + 1 ms per character 
10 ms + 0-5 ms per character 
1 to 1 .5 ms 
35 ms 



Table 2-20. Typical Programming Time of the Generator Functions 



FUNCTION 


TIME (IN ms) 


NOTES 


Frequency 


55 


1, 2. 


Amplitude in Volts 


50 


1. 2. 


Amplitude in dBm 


90 


U 2. 


AM Depth 


45 


1 2. 4 


FM Deviation 


30 




Modulation Frequency 


25 




Eneble/DlsebU AM 


55 


2. 


Enable/Pisable PM 


25 




Recall 98 


185 


i 6* 5 


RF Output On 


45 


2 


RF Output Off 


30 




Notes 



1. May take up to 5 ms Longer if the relative mode is enabled. 

2. Can save 10 ms if all Level correction is disabled with special 
f uncti on 81 . 

3. Add 20 ms when frequency changes from greater than or equal to 245 
MHz to Less than 245 MHz. Subtract 20 ms from frequency hardware- 
settling time in this case. 

4. Edits and steps may take up to 5 ms Longer than the programming 
function directly. 

5. Add 5 ms when the Attenuator settings change. 

6. Recalls vary considerably depending on the stored data. Maximun is 
approximately 250 ms. 



2-68. TIMING OPTIMIZATION 

Timing depends upon the interface modes selected. Read the paragraphs on Interface 
Mode Commands for a complete description of the interface modes. 

The transfer of commands from the IEEE-488 controller to the Generator can never be 
processed in parallel with anything else. The transfer of commands usually happens 
simultaneously, regardless of which interface mode is selected. 

The parsing of the command and programming the new instrument state is performed 
one message unit at a time. The record mode selects a command or a record as the 
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message unit. The record mode off (“RMO”) is slower since there is extra processing 
between message units, and the message unit is smaller. 

If the valid mode is enabled, the processing of message units is delayed until the Generator 
has settled from the previous message. If the output of the Generator does not need to be 
settled between programming strings, the valid mode should be turned off to speed up 
processing. If the output does not need to be settled between commands, but needs to be 
settled between records, enable the valid mode and the record mode. The instrument 
processes commands within the record as fast as possible and wait for the output to settle 
only between records. 



2-69. Power-on Conditions 

The power-on conditions of the Generator depend on whether or not the IEEE-488 
Interface Option is installed. Table 2-21 lists the instrument parameters at power-on with 
the IEEE-4S8 Option installed. The remote dear commands can be used to reset all 
parameters except the last memory location and the remote/local state. 




tra 



Table 2-21. IEEE-488 Power-On State 



INSTRUMENT PARAMETER 


STATE 


notes 


Memory location parameters 


Same as power off 


1 


RF on/off 


Same as power off 




Last memory location 


Same as power off 


2 


Remote/local state 


Local 




IEEE~488 output buffer 


Cleared 




lEEE^^SS input buffer 


Cleared 




Valid mode 


Same as power off 




Record terminator 


Same as power off 




Unbuffered mode 


Same as power off 




Record mode 


Same as power off 




SRa mask 


Same as power off 




Trigger configuration 


Same as power off 




SRQ interface signal 


May be asserted 


3 


Notes 






1- The contents of memory location 98 (Instrument Preset State) is 


listed in Table 2*'3. 






2. The Last memory location is 


used for sequence operations. 




3. If the SRQ mask has the power on, output valid, or ready SRQ enabled. 


the SRO interface signal is 


asserted on power-on. 
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Section 3 

Theory of Operation 



3-1. INTRODUCTION 

This section of the manual describes the theory of operation for the Generator. There are 
four major headings: 

General Description 
Functional Description 
Software Operation 
Detailed Circuit Descriptions 



The General Description briefly explains the functions and components of the three 
major modules of the Generator. The Functional Description covers the main output 
parameters, amplitude, frequency, and modulation. The Software Operation section 
describes the software and how it affects the hardware. The Circuit Description is a 
comprehensive explanation of the operation of each circuit assembly. 

3-2. GENERAL DESCRIPTION 

The Generator has three major sections. The front section includes the keyboard and 
display for local control. The module section includes the frequency, level, modulation, 
and control circuits. The rear section includes the power supply, cooling fan, and assorted 
external connectors. 

3-3. Front Section 

The front section of the Generator provides the operator interface. It includes the primary 
controls, connectors, and indicators of the Generator, All front panel keys and displays 
(except the power switch that controls the power supply directly) are monitored and 
handled by the Controller in the module section. 

3-4. Module Section 

The module section is a multi-compartmented, shielded enclosure that includes the 
circuits that generate the instrument stimulus functions: frequency, modulation, and 
amplitude. The Controller is also located here. The Controller governs the Generator 
operation and at power-on determines if any options are installed by checking the option 
status bits. The optional Low-Rate FM, is also located in this section of the instrument. 




3-5. Rear Section 

The rear section includes the power supply, the cooling fan, various external connectors, 
the IEEE-488 Interface and the High-Stability Reference Options. 
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The power supply is a linear design providing two + 1 5 V, -15V, +5 V, +37 V, + 1 8 V, and 6 V 
ac to the Generator. All the power supplies are series-pass regulated except the 6V ac 
filament supply and the + 1 8 V supply, which provides power to the Attenuator relays and 
Reverse Power Protector (RPP) relays. A fuse/ filter/ line-voltage selector allows the 
Generator to operate from any common supply voltage. 

The dc fan is powered from the unregulated +5V supply. The fan operates only when line 
power is available and the front panel POWER switch is ON, 



The Option -130 High-Stability Reference operates whenever the instrument is plugged 
into an active ac outlet, regardless of the position of the instrument POWER switch. 

3-6. FUNCTIONAL DESCRIPTION 

The following paragraphs describe the key output parameters of the Generator: level, 
amplitude modulation, frequency, and frequency modulation. 

3-7. Level 

Level control is provided by two separate circuits, a step attenuator and a vernier level 
DAC. The 6.02 dB per step Attenuator/ RPP, (A2A5) provides coarse control. Fine level 
control is provided by a vernier level DAC that varies the automatic level control voltage 
(ALC). The microprocessor automatically controls the step attenuator and the vernier 
level DAC. The microprocessor also applies level correction to compensate for the 
Generator frequency response. 

Each Generator has level correction data for the Output and Attenuator assemblies, 
stored in the Output and Attenuator calibration EPROMs. The EPROMs are located on 
the Controller assembly. The correction data is based on measurements of each assembly 
during calibration of the Generator at the factory. 

This microprocessor level correction data is applied only to the vernier level DAC; it does 
not affect the coarse level control provided by the Attenuator, In other words, all 
Generators have the same attenuator pads inserted at a selected level even though the 
correction data is different for each Generator. 

To improve level accuracy in relation to temperature, the Generator uses a software 
temperature compensation technique. This technique uses data that is the same for all 
Generators regardless of the options installed. 

3-8. Amplitude Modulation 

The output of the level DAC is the ALC loop control voltage. The Generator output 
signal is amplitude modulated by varying this control voltage with the modulating signal. 
A I V peak modulating signal from the internal modulation oscillator or from the external 
MOD INPUT connector is applied to the AM DAC, a multiplying D-to-A Converter. 
The multiplying factor of this DAC, corresponding to the programmed percentage of 
modulation, is factored by the Controller. 

The modulation signal from the AM DAC is summed with a fixed dc reference voltage. 
The composite signal (dc plus modulation) is applied to the LEVEL DAC, a level control- 
multiplying DAC, The multiplying factor for this DAC is also handled by the Controller 
and corresponds to the programmed signal level. The multipling factor also includes the 
level correction information stored in the calibration EPROMs, 

The operation of the ALC loop causes the amplitude of the RF signal to conform to this 
varying control voltage, thus amplitude modulating the Generator output. 




THEORY OF OPERATION 






3-9. Frequency 

The 0.01-MHz to 1050-MHz frequency coverage is divided into the following three 
bands: 

Low-band 0.01 MHz to 245 MHz 
Mid-band 245 MHz to 512 MHz 
High-band 512 MHz to 1050 MHz 

The high and mid bands are derived directly from a voltage-controlled oscillator (VCO) 
followed by a binary divider that is part of the main phase-locked loop (PLL). 

This PLL synthesizes the 245- to 5 12-MHz band using a modified N-divider loop with a 
single-sideband mixer (SSB) in the feedback path. The reference frequency for the loop is 
1 MHz, which would normally provide 1-MHz steps in a conventional N-diyider loop. 
However, this Generator provides 0.02-MHz steps by using a modified N-divider circuit 
with pulse deletion controlled by a rate multiplier. 

Additional resolution is gained by introducing a signal from the sub-synthesizer circuit 
into the main PLL through the SSB mixer in the feedback path. This signal provides 
internal frequency steps of 5 Hz. The sub-synthesizer consists of a 14-bit rate multiplier 
followed by a divide-by-1000. 

Since the main PLL bandwidth varies with the programmed frequency (due to N 
changing and variations in the VCO tuning coefficient), the Controller uses compensa- 
tion to program the phase detector gain via the KN DAC to maintain constant loop 
bandwidth. By keeping the loop bandwidth constant, loop stability and modulation 
transfer is controlled, thus ensuring accurate, wideband FM. 

3-10. Frequency Modulation 

Frequency modulation is achieved by applying the modulation signal simultaneously to 
the PLL VCO and the Phase Detector. Both are necessary because modulating either the 
VCO or the Phase Detector alone results in FM with a high-pass filter characteristic, or 
phase modulation with a low-pass filter characteristic. The filter characteristic cutoff 
frequencies are equal to the PLL bandwidth. 

The modulating signal applied to the VCO and the Phase Detector is adjusted in 
amplitude by the KV DAC to compensate for variations in the VCO tuning coefficient. 
This compensation is done automatically by the Controller using factory calibration data 
measured on the VCO in each Generator. This compensation data is stored in the VCO 
Calibration EPROM. 

By integrating the modulation signal applied to the Phase Detector and simultaneously 
applying the modulation signal to the VCO, the two effects are complementary and result 
in a flat FM response. 

3-1 1 . SOFTWARE OPERATION . 

The Generator software is executed on a Texas Instruments TMS 9995 micr^rocessor 
in the A2A7 Controller assembly. The instrument program is stored m 48K-bytes oi 
ROM, two scratch pad RAM, 2K-bytes off-chip and 250-bytes on-chip RAM, Three 
2K-byte EPROMs contain the individual Generator calibration data. The software 
provides the following general functions: 

• Interfaces with the front panel keys and the IEEE-488 Interface to provide 
access to the Generator functions. 
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• Configures the Generator functional blocks to produce the required output and 
then applies linearization and compensation data to optimize the instrument 
performance and resolution. 

• Implements a set of self test and diagnostic functions, 

3-12. User Interface 

The Generator software is implemented with a simple operating system that allows 
several tasks to operate in a round-robin fashion on a equal priority basis. Input and 
output to the front panel and to the IEEE-488 Interface option* however, execute at a 
higher priority and are handled as interrupt routines. 

At power-on, the software performs an instrument self test and initializes both the RAM 
and the Generator hardware. Three tasks are continuously in operation: 

Service task 
Key task 
lEEE^SS task 

The service task checks the status signals. The key task and IEEE-488 task process user 
input. A fourth task is activated only when needed to process certain UNCAL 
(uncalibrated) or REJ ENTRY (rejected entry) conditions that cause the instrument 
STATUS display to flash. 
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3*13. Amplitude Control 

Amplitude is programmed using a 23-step (6.02 dB per step) attenuator assembly and a 
I2“bit vernier level DAC. The level DAC settings depend on a combination of the 
programmed output level and amplitude correction data. 

The amplitude correction data compensates for level inaccuracies and is a function of the 
Generator frequency. Correction factors are stored in the Output and the Attenuator 
Calibration EPROMs. Each Output and Attenuator assembly comes with a matched 
calibration EPROM. The assemblies may be replaced under the Module Exchange 
Program with only minor adjustments needed after installing the replacements. 

3-14. Attenuators 

One 6-dB, one 12-dB, and five 24-dB sections of the Attenuator are programmed in 
combination to provide course level control. The indicated voltages at which the 
Attenuator changes ranges are 2"'^ volts, where 



m = I, 2, 3, ...23 for non-AM, or 
m = 2, 3, ,4, .,,24 for AM operation 

Table 4D-I5 lists the Attenuator sections programmed for various displayed levels. 



3-15. Level DAC 

The level DAC setting (LEV 0 through 9) is calculated from the Generator output level. If 
level correction is enabled, the level DAC setting is further modified by the data stored in 
the Output and Attenuator calibration EPROMs. 



To minimize level transients that could damage external circuitry, the following sequence 
is used in programming the Attenuators and the level DAC when the Attenuator setting is 
changed: 



I 

I 



t 
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L The LEVEL DAC is programmed to zero. 

2. The new Attenuators are programmed in addition to the old Attenuators. 

3, After a 5-ms wait to allow the Attenuators to settle, the new Attenuator and 
LEVEL DAC settings are programmed. 

3-16. Temperature Compensation 

The temperature compensation DAC (TC DAC) data is stored in the Generator software 
as a function of the output frequency (Fo). This data is the same for each Generator. 



3-1 7. Reverse Power Protector 

The Reverse Power Protector (RPP) A2A5 protects the Generator from damaging 
voltages applied to the RF OUTPUT connector. The status line RPTRPL indicates 
whether the RPP circuitry has tripped. If the RPP trips, the RF output is programmed 
off, and the RF OFF indicator flashes. The RPP circuitry is reset by the operator turning 
the RF OUTPUT on. This causes the Controller to reset the RPP by toggling RPRSTL, 
and programming the RF on. 

3-18. Frequency Reference Control • r i. 

Programming of the frequency reference control bits depends on the setting of the 
INT/EXT reference switch as well as whether the High-Stability Reference or the 
Medium-Stability Reference option is installed. 

3-19. Frequency Control . . 

The output frequency (Fo) is programmable with 10-Hz resolution. The nunimum 
calibrated output frequency is 0.01 MHz, and the maximum calibrated output frequency 
is 1050 MHz. The filter and band control bits are programmed in five bands and are 
determined by the output frequency (Fo), For each band, a synthesizer frequency is 
determined. 

The programming data of the KV and KN DACs are calculated from the synthesizer 
frequency and the instrument-specific VCO Calibration EPROM data. The KV DAC 
settings on the high and low bands are one half the settings on the mid-band to 
compensate for the effective doubling of the FM deviation that occurs on the high and 
low bands. 

3-20. Modulation On/Off 

The four modulation modes are: 

Internal AM 
External AM 
Internal FM 
External FM 

The modulation modes can be programmed separately or in any combination. The AM 
depth and FM deviation DACs are always programmed regardless of whether or not 
modulation is enabled. When enabling or disabling modulation, only the modulation 
control bits are programmed. Table 4D-17, Modulation ON/OFF Control, lists the 
control states for each modulation choice. 

3-21. Modulation Frequency 

The two internal modulation frequencies of 400 Hz and 1000 Hz are programmed with a 
single control bit MF400L. Table 4D-18 Modulation Frequency Control lists the 
MF400L control states. 
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3-22. Amplitude Modulation 

The Generator allows amplitude modulation depth programming from 0 to 99% with 1 % 
resolution. However, the maximum calibrated AM depth is 90%. Programming an AM 
depth greater than 90% causes the 'UNCAU indicator to light. When the combination of 
signal amplitude and programmed AM depth exceeds +13 dBm peak, the ‘UNCAL’ 
indicator lights to warn you the output level is no longer guaranteed. Amplitude 
modulation depth is programmed using the 8-bit AM DAC, with a setting of 200 on the 
AM DAC corresponding to 100% AM modulation of the output frequency. 

3-23- Frequency Modulation 

Frequency modulation (FM) is programmable with three digits of resolution in the three 
decade ranges. Table 4D-12, FM Ranges, lists the three ranges. 

3-24. FM Deviation 

The FM DAC is a 10-bit DAC programmed to the FM deviation in Hz divided by the 
resolution. Table 4D-13 lists the settings of the FM DAC. 

3-25. Self Test 

At power-on, the Generator automatically self tests its digital and analog circuits. If the 
Generator fails any self test, the test results are automatically displayed as error codes. 
Several special functions are available for additional tests. (See section 4D-1 6.) Also, the 
Generator microprocessor continuously monitors two status signals, UNLVL 
(unleveled) and UNLOK (unlocked). 

The self tests can also be invoked by using the [SPCL] [0][2] keys. The results of the self 
test can be displayed in the four display fields with [SPCL] [IJl] keys and can also be 
transmitted using the optional IEEE-488 Interface. 

Self tests I through 5 are digital checks that indicate the general functionality of the 
Controller assembly. Self tests 6 through 10 use the two status signals UNLVL and 
UNLOK to test the general functionality of the RF circuitry. 

During the self-test sequence all attenuators are programmed ON (maximum 
attenuation) to prevent unwanted signals at the output. In addition, the Generator is 
programmed to the internal frequency reference because the self tests fail if there is no 
reference supplied. 

The self-test error codes and descriptions are listed in Section 4D. A brief description of 
the different Generator self tests are described in the following: 

Test 1 . The Generator RAM is verified by writing data to each memory location 
and checking that the same data can be read back. Both the off-chip 
RAM and the on-chip RAM are tested in this way. 

Test 2. The data in each word of the two instrument software EPROMs is 
successively summed and rotated by two. The result of this procedure is 
compared with a checksum for each EPROM. 

Test 3. The data in each of the three calibration EPROMs (VCO, Output, and 
Attenuator) is summed and compared with a checksum. 



Test 4. 



The IEEE-488 (if installed) is verified by the microprocessor writing data 
to the IEEE-488 chip and then by reading it back to see if the response is 
the one expected. The operator is given a report only if the test fails. 
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Test 5. Each memory location of the Non-Volatile RAM is checked with a 
checksum. 

Test 6. The low-pass filters on the Output assembly are tested by setting the 
frequency at the top of each of the four half^octave non-HET bands and 
verifying that the output is leveled. Then, the frequency is set above the 
cutoff frequency, and the output is checked to see if the output is 
unleveled. 

Test 7. The synthesizer operation is verified by programming the Generator to a 
normal operating frequency and checking to see that the instrument is 
locked. The Generator is then programmed to a synthesizer frequency 
below 225 MHz and then above 550 MHz and is checked to see that the 
instrument becomes unlocked. Finally, all frequency reference circuitry is 
turned off and checked to see that the Generator becomes unlocked. 

Test 8. The Generator PLL operation is verified by forcing a large change in 
frequency. When this is done, the Generator should become unlocked 
and then lock again. 

Test 9, Frequency modulation is verified by overmodulating the carrier and then 
checking the unlocked indicator. This is done by programming internal 
FM on and programming the KV DAC to a higher than normal value. 

Test 10. Amplitude modulation is verified by overmodulating the carrier and then 
checking the unleveled indicator. This is done by programming a high 
output level and programming INT AM on with a high AM depth. 

3-26. Service Special Functions 

There are two special function self tests for the front panel indicators and keys. These 
special function self tests are described in the following: 

1. The front panel displays are checked any time by pressing the [SPCL] [0][3] 
keys. When this is done the microprocessor lights all display segments. This test 
is terminated by pressing any key on the instrument. 

2. Check the normally open front panel keys by pressing the [SPCL] [0][4] keys. 
Now, each key pressed has its row and column address displayed in the center of 
the FREQUENCY display field. The special function is exited by pressing the 
[CLR/LCL] key. 

3-27. Status Signals 

Five status signals indicate the Generator option complement, and these status bits are 
interrogated at power-on self test as follows: 



HSOPTL = 0 indicates Option -130 High-Stability Reference is installed. 

MSREFL = 0 indicates Option -132 Medium-Stability Reference is installed. 

lEINL = 0 indicates Option -488 IEEE-488 Interface is installed. 



LRFML 



= 0 indicates the Option -651 Low-Rate FM is installed. 



3-7 



THEORY OF OPERATION 




ROPTL = 0 indicates Option -830 rear panel RF OUTPUT and MOD IN 
connectors is installed. 

The status of the rear panel REF EXT/ INT reference switch is continuously monitored 
with the EXREFL bit. The slate of this bit is used by the Controller to display the 
‘F.XTREF indicator on the front panel and to program the reference source. 

The RF output of the Generator is considered calibrated whenever the ‘UNCAi; 
indicator is off. The ‘UNCAL’ indicator is lit, but not flashing, whenever the calibrated 
limit of the Generator is exceeded. However, the RF output is still considered usable. 

The “UNCAL’ indicator flashes when the output of the instrument is considered 
unusable. This is the result of a severe overrange condition or when one of the following 
analog status signals becomes active. 

RPTRPL = 0 indicates that the RPP circuitry has tripped. If this occurs, the 
RF output is programmed off to provide additional protection to 
the instrument. The ‘RF OFF' and ‘UNCAL’ indicators flash to 
indicate that RPP has tripped. 

UNLOKL = 0 indicates one of several conditions. The Synthesizer or the 
reference circuits could be out-ofdock. If FM is on, it could indicate 
FM over-modulation. The ‘UNCAL’ indicator flashes for any of 
these circumstances. 

UNLVLL = 0 indicates that the output is unleveled. This could also be the 
result of amplitude over-modulation. With this condition, the 
‘UNCAL’ indicator Hashes. 

3-28. DETAILED CIRCUIT DESCRIPTIONS 

This section contains the detailed circuit descriptions for the following assemblies: 

A1 Front Section 

AIAI Display Assembly 
A1A2 Switch Assembly 

A2 Module Section 

A2A1 Synthesizer Assembly 

A2A2 VCO Assembly 

A2A4 Output Assembly 

A2A5 Attenuator/ RPP Assembly 

A2A7 Controller Assembly 

A2A8 Non Volatile Memory Assembly 

A3 Rear Section 

A3A1 Power Supply Assembly 

3-29. FRONT SECTION, A1 

The Generator front section, Al, consists of the Display PCA AlAl, the Switch PCA 
AI A2, and the Elastomer switches mounted in a sheet metal housing. The front section 
also includes the display lens, the POWER ON/OFF switch, and the MOD INPUT 
connector. 
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3-30. Display PCA, A1A1 . 

The Display PCA AIM provides a readout of the programmed modulation, trequency, 
amplitude parameters, and status information. This displayed information and the bright 
digit are controlled by the Controller, A2A7, under the direction of the instrument 
software. The display is comprised of two vacuum fluorescent displays and their 
associated control circuitry. The two displays are refreshed as four groups of eight display 
fields (usually a digit) each. The four groups share the digit (grid) strobes but have 
individual segment (anode) strobes. 

3-31. DATA COMMUNICATIONS 

Display data is sent through a byte-wide bidirectional data bus from the Controller A2A / 
and is latched by U1 through U5 on the display board. Latch select signals DIGL, 
SEGIL SEG2L, SEG3L, and SEG9L determine which latch receives the data. Level 
shifting buffer drivers U6 through UlO interface the TTL latches directly to the +37V 
anodes of the vacuum fluorescent displays. 

3-32. DISPLAY FILAMENT VOLTAGE 

The 6.0V ac filament voltage for the display is derived from a center-tapped winding on 
the power supply transformer, Tl. The ac filament voltage is biased at +6.2V above 
ground by circuitry on the power supply board A3 A 1 , to provide a cutoff potential for the 
displays. 

3-33. BRlGHT-DlGIT EFFECT ^ 

The bright-digit effect is achieved by providing three extra refresh cycles (strobes) to the 
specified digit. Grid current-limiting resistor R3 provides uniform digit brightness by 
controlling electron depletion from the display cathode filaments. 

3-34. SWITCHBOARD INTERFACE 

The digit strobe data latched by U1 is buffered by open collector inverters U13 and u 15, 
and strobes the front panel switch matrix. The switch columns are strobed in unison with 
the eight display fields. The switch matrix status is read by the tri-state buffer U14. 

3-35. DISPLAY BLANKING 

Monostable U 1 1 and NOR gate U 12 clear the display if new field or segment strobes are 
not received. This protects the display if the microprocessor stops ref reshing. The display 
can be blanked manually by pressing [SPCL] [1][3] which sets the signal CLRL and the 
output of Ull low, thus clearing latches U2 through U5. To restore the display, press 
[SPCL] [1][2]. 

3-36. MODULATION-LEVEL INDICATOR 

The external modulation-level indicator warns the operator when the modulation signal 
is not set to IV peak (± 2 % typically). The external modulation signal is compared in the 
dual-comparator, U16, with internal references of 0.98 and 1.02V, Two status bits, 
MLEVLO and MLEVHl, are at the output of theO.5 second dual one-shot, U17. If either 
of these reference voltages are exceeded, the two status bits are sensed by the Generator 
Controller that controls the ‘EXT HP and ‘EXT LO’ indicators in the MODULATION 
display field. 

3-37. Switch PCB, A1A2 . . ■ r 

All the front panel control keys, except the POWER ON/ OFF switch, consist of an 
Elastomer membrane sandwiched between the Switch PCB A1A2 and the front panel 
sheet metal housing. The Switch PCB consists of a 6-by-S matrix of open switch contact 
pads. When a key is pressed, a conductive pad on the back of the Elastomer membrane 
connects a set of contact pads. The Controller software senses what row and column of 
the matrix are connected when a key is pressed. 




3-9 



THEORY OF OPERATION 




3-38. MODULE SECTION, A2 

The module section consists of a cast module frame with gasketed covers and includes the 
following electrical assemblies: 



A2A1, Synthesizer 

A2A2, VCO 

A2A4, Output 

A2A5, Attenuator/ RPP 

A2A7, Controller 

A2A8, Non Volatile Memory 

3-39. Synthesizer PCA, A2A1 

The Synthesizer PCA provides frequency control and modulation of the Signal 
Generator output. The Synthesizer assembly is located on the top side of the Module 
Section A2. Together with VCO A2A2 and a lO-MHz reference frequency, the 
Synthesizer assembly simultaneously generates a high-band signal that spans 490 to 1050 
MHz and a mid-band signal that spans 245 to 512 MHz. 

The high-band and mid-band signals are coupled to the Output A2A4, Here, 
heterodyning extends the Generator frequency coverage down to O.Ol MHz. 

The Synthesizer assembly consists of the following functional circuits that are described 
in the following paragraphs: 



10-MHz Reference 
Mam PLL 
FM Processing 
800/40 MHz PLL 
Sub-Synthesizer 

3-40. 1 0-MHZ REFERENCE 

The Generator reference is the internal 10-MHz crystal oscillator. If Option -130 High- 
Stability Oscillator or Option -132 Medium-Stability Oscillator is installed, that 
oscillator is locked to the internal crystal oscillator. An external reference of 1 , 2, 5, or 10 
MHz can also be locked to this oscillator. 



The internal 10-MHz crystal oscillator (XO) is a crystal, Y1 , and an FET transistor, Q39. 
The frequency is adjusted by C240 and R230. The oscillator signal from Q39 is buffered 
by Q40, converted to TTL by U55-B, and sent to the sub-harmonic phase detector, U68, 
and the rear output through a 10-MHz band-pass filter, C247, L73. The lO-MHz 
reference is also sent to the 800/40-MHz loop-phase detector, the main loop-phase 
detector via dividc-by-10, U58, 

3-41. MAIN PHASE-LOCK LOOP 

The main phase-lock loop (PLL) is a fractional divider PLL with a single-sideband mixer 
(SSB) in the feedback path. The oscillator for this loop is a .separate PCA, the A2A2 
VCO. All the remaining PLL circuitry is on the synthesizer PCA A2AL 



The key signals to the main PLL are the I-MHz reference signal from the 10- MHz 
Reference circuit, the 245-MHz to 512-MHz signal from the binary divider, and the 20- 
kHz to 40-kHz signal from the sub-synthesizer circuit. The fractional division technique 
provides 20-kHz frequency resolution. 



I 

I 




I 

I 

i 

i 

I 

I 



i 
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The SSB mixer, in conjunction with the sub-synthesizer, provides additional 5-Hz 
resolution at the Synthesizer frequency. This corresponds to 10-Hz resolution on the 
high band. 

The main PLL consists of the VCO, the binary divider, the SSB mixer, the triple-modulus 
prescaler, the N-Divider, the phase detector, and the loop amplifier. All but the VCO are 
described in the following paragraphs. The VCO is discussed in paragraphs 3-48. 



3-42. Binary Divider And Single-Sideband Mixer 

The 490-MHz to 1050-MHz signal from the VCO via J107 is coupled to the binary 
divider, U 1 . Regulator Q 1 provides +5 V for the divider. One output of U 1 is coupled to 
the Output PCA, A2A4 through J 104. The other output is amplified by Q2 and Q3. This 
signal is split into two quadrature (90® phase difference) signals by 3-dB coupler, U6. 

This signal, and two other audio quadrature signals from U 10, are summed in the double- 
balanced mixers U7 and US to produce two double-sideband suppressed-carrier signals. 
Because of the phase relationship of the outputs of the mixers, the summing of the two 
composite signals (in resistor network R21 and R22) results in the upper-sideband 
component being suppressed. The predominate remaining signal is the lower-sideband 
signal. 

The lower-sideband signal, spanning 245 MHz to 512 MHz in 20-kHz steps, is amplified 
by U9 and applied to the N-Divider where it is divided down to 1 MHz. 

3-43. N-Divider 

The main components of the N-Divider are: 

Triple-Modulus Prescaler (divide by 20/21/22) UlS, U19, and U20 
N-Divider Custom Gate Array U17 

The triple-modulus prescaler, Figure 3-1 , consists of a divide by 10/ 1 1 (U20), divide by 2 
(U 1 8A), synchronizing flip-flop (U 1 8B), and quad NOR gates (U 19). If all the inputs (E 1 , 
E2, E3, E4, and E5) to the 10/ 1 1 divider are low, the prescaler divides by 1 1, and the total 
division to the output (U20 pin 7) is 22. If any of the inputs are high, it divides by 10, and 
the total division is 20. 



IfinputsEl andE3 are low, the modulus of the 10/11 divider is controlled by the output 
of the following divide by 2 (U18A). Consequently, the prescaler divides by 10 half the 
time and by 1 1 the other half, resulting in a divide by 21. U20 contains the ECL to TTL 
converter. U18B synchronizes the changing of the modulus with the clocking of the 
subsequent stages. The N-divider is clocked by the composite prescaler output U18A. 

The operation of the triple-modulus prescaler is shown in Figure 3-1. The prescaler 
operates in conjunction with the N-divider gate array shown in Figure 3-2, 
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Figure 3-2. N-Divider Operation 
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The N“Divider gate-array contains two 5-bit binary counters (A and N), a BCD two- 
decade rate multiplier, and latches to interface to the microprocessor. The operation of 
the N and A counters is as follows: 



At the beginning of a count cycle, a number is loaded into the A and N counters. The A 
counter is not at its terminal count, so the output is high, and the mode line (MODE L) is 
low. This causes the prescaler to divide by 21 (or 22, TRMODL = low). The mode line 
Stays low for 31-A counts, where A is the programmed number. The mode line goes high, 
and the prescaler divides by 20 (or 21, TRMODL = low) for 3\-N counts. 

The total division is; 

(P+l)*(31-A) T P*((31-N)-(31-A)) or P*(31-N) + (31-A) 



On the 3 1 st count, the counters are reinitialized. Figure 3-3 shows the timing for the A- 
counter programmed to 26, and the N-counter programmed to 18. Only the CKNLand 
MODE L signals shown in Figure 3-2 are accessible at UI7, pin 6, and 22, respectively, 
Figure 3-3 show the N-Divider timing diagram. 

The N-Divider gate array includes a two-decade rate multiplier that produces the 
fractional part of the division. It produces a pulse train with a programmed number of 
pulses for a 100-cycle frame of the 1-MHz N-divider output. 

The programmed number ranges between zero and 98 in steps of two, corresponding to 
20-kHz steps at the mid-band output frequency, The flip-flops in the rale multiplier get 
setup on count 29, and on count 30, a pulse may or may not be present depending on the 
programming of the rate multiplier. This is the shaded pulse in the timing diagram, Figure 



Irregularly spaced rate-multiplier pulses cause the mode line to go low, and the prescalcr 
divides by P4-1 at a rate equal to the rate multiplier programming. At a division of 255, 
the N and A counters are normally programmed to 1 5. This means the divider is always 
dividing by 21; consequently, there is no place to slip in the rate-multiplier pulses. 



It might be noted that a 20/ 21 dual-modulus prescaler will not allow division from 245 to 
525 without holes. For example 252 is 0 frames of 20 and 1 2 frames of 2 1 . Consequently, 
there is no place to slip in the rate-multiplier pulses. It is not possible to divide by 253. 

By using a triple-modulus prescaler, these problems are solved. Continuing with the 
previous example 252 is 12 frames of 21 and 0 frames of 22, The deleter functions by 
allowing the prescaler to divide by 22 at a rate equal to the rate-multiplier frequency. 
Number 253 is 1 1 frames of 21 and 1 frame of 22, A software algorithm determines 
whether to operate in the 20/21 mode (TRMODL =1) or 21/22 mode (TRMODL =0). 



The frequency at the output of the N-divider gate array, is (Fo/ 2 - Fs - Fd) / N; where Fo is 
the VCO output frequency, Fsis the sub-synthesizer frequency, and Fd is the fractional- 
division frequency. 
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3-44. Phase Detector 

The 1-MHz reference signal from divide-by-IO U58, and the 1-MHz signal from thcN- 
divider U17 are connected to a digital phase-frequency detector (U43, U44, U45). If the 
N-divider output is greater than the reference frequency, the level at TP38 is high. When 
the output of the level shifter Q 16 is above ground, then CR12 is turned off. This allows 
current from Q 1 9 to flow through CR 1 3 into the integrator, decreasing the voltage at the 
integrator output, U48 Pin 6, which then lowers the frequency of the VCO until the 
reference and the N-dividcr output are the same frequency. 

Similarly, if the N-divider output frequency is below the reference, TP39 is low, and the 
voltage at the output of level shifter Q 1 7 is below ground, turning off CR 1 5 and allowing 
current from R 108 to flow through CRM out of the integrator. This raises the voltage at 
the output of the integrator, which raises the VCO frequency. The phase-frequency 
detector is designed so that if the phase between the reference and N-Divider output slips 
more than two cycles in either direction, the corresponding phase-detector output is high 
or low. This provides twice the integrator current during acquisition as a conventional 
phase-frequency detector. 

R107 provides a small bias current to the integrator to bias the phase detector at 
approximately 2,5 radians; consequently, the down-pump is normally always on. If the 
up-pump comes on, indicating an over-modulation condition, the pulses are detected by 
the one-shot, U47 that produces the UNLOK .status that is then sensed by the Controller. 

For flat FM response, it is necessary for the PLL bandwidth to be constant ai all VCO 
frequencies. Two factors cause the loop bandwidth to change; the VCO tuning coefficient 
(Kv) and the divider ratio (N). 

During calibration of the VCO, the Kv is measured at many frequencies across the band, 
and compensation data is stored in the VCO Calibration EPROM. The instrument 
software uses this data along with N to control the PLL bandwidth in a compensating 
manner. The PLL bandwidth is controlled by changing the current to the down-pump via 
the KN DAC, U27, and the voltage-to-current converter, U46, Q18, and Q19. 

3-45. Loop Amplifier 

The loop amplifier-integrator consists of operational amplifier U4S, Cl 18 and R91. 
Capacitors C121 and Cl 19 filter the 1-MHz reference. The output of the integrator is 
connected to a multi-pole LC filter (R92, C123, C99, C124, C126, C125, L49, L50, and 
R93) that attenuates the delete rate (20 and 40 kHz) and reference 1-MHz spurs. 

Diodes CR9 and CRIO stabilize the loop during switching. The filter i.s buffered by the 
Darlington emitter-follower Q20, which is biased at 10 mA by Q21, Additional lead/lag 
compensation is provided by R99, RlOl, and Cl3i. Proper termination for the filter is 
provided by R93 and Q22. The voltage for the loop amplifier is regulated to 
approximately -I-30V by Q15. 

Amplifier U49 is a precision clamp to keep the VCO frequency above a minimum value 
for oscillation, and below a maximum above which the N-divider would not divide 
correctly. The photoisolator U50 detects when the clamp is active, indicating an out-of- 
lock condition. This signal is ORed with the signal from one-shot U47 and sent to the 
microprocessor as the UNLOK status. 

3-46. FM PROCESSING 

To provide FM accuracy, the FM signal FM V from the Output board is first processed by 
the KV DAC (U2S, and U29) to compensate for the VCO tuning coefficient. The KV 
DAC setting is proportional to 1 / Kv, where Kv is the tuning coefficient. This correction 
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is stored in the VCO Calibration EPROM on the Controller board. For output 
frequencies above 512 MHz and below 245 MHz, the KV DAC setting is halved to 
account for the effective frequency doubling that occurs on these bands. 

Range switching is provided by resistors R77, R7S, R79, and FETs QIO, Qll, and Q12. 
Comparator U42 converts TTL levels to OV (on), and -15V (off) required by the FETs. 
U41A buffers the range switch, and in conjunction with R82, provides an overall FM 
adjustment. At this point, the audio signal splits into two paths. The path that connects to 
the integrator, U41, is for modulation frequencies inside the loop bandwidth. 

The path that sums with the VCO control voltage at J103 is for frequencies outside the 
loop bandwidth. U41D is an active high-pass filter that compensates for the non-ideal 
integrator and the ac coupling to the VCO tuning port. 

The output of U41D is summed with the VCO control voltage via R88 and Cl 17. FET 
Q13 allows the FM to be turned off. The audio signal is also processed by integrator 
U41A, R85, R86, and Cl 15. The audio signal is ac coupled into the phase-detector 
integrator via R89, R90, Cl 16, and FET Q14. (Resistor R90 adjusts the low frequency 
FM gain). This integrator makes the phase modulation produced at the Phase Detector 
appear as FM, 

3-47. 800/40 MHz PLL 

When the Signal Generator is operated in the low-band, the 800-MHz oscillator is locked 
to the 10‘MHz Reference and provides a local oscillator for the heterodyne circuit on the 
Output PCA. It also provides a 40-MHz signal to the sub-synthesizer clock generator. 

The 800-MHz VCO is connected to the divide-by-four, U61, followed by a divide-by-five, 
U62 and U63, providing 40 MHz to the sub-synthesizer clock generator through selector 
U64. When the Signal Generator is not in the low-band, the 800-Hz oscillator and the first 
divide-by-four are disabled by turning off Q28 (HET), 

The 40-MHz Oscillator consisting of U64, L66, and CR24, is selected by U64. The 40-Hz 
balanced ECL signal from U64 drives the two-phase clock generator. A self-biased gate, 
U65, converts ECL to TTL. U66 divides the40-MHz signal by four to produce a lO-MHz 
signal that is compared against the 10-MHz reference in the phase detector U59 and U65. 

Op-amp U60, resistor network Z9, and C181, C185, C186, and C201 integrate the phase 
detector pulses to produce a dc control voltage for the 800-MHz VCO and the 40-MHz 
VCO. 

3-48. 800-MHz VCO 

The 800-MHz VCO is a low noise, limited range, voltage-controlled oscillator for the 800- 
MHz PLL. The basic oscillator uses two active devices operating as negative resistance 
elements, coupled symmetrically to a resonator made up of a varactor and an adjustable 
capacitor. Each device is followed by an amplifier and isolation pad. This provides two 
coherent outputs of +5 dBm to the PLL and 0 dBm to the output A2A4 assembly. 

The oscillator transistors Q32 and Q35 are biased at 13 mA by RI82 and R191. The 
voltage at the collectors of Q32 and Q35 is typically +2.5V. The two 6-dB amplifiers Q33 
and Q37 are biased so that the voltage at their emitters is about +0.3 V, and the voltage at 
their bases is about +IV with the collectors at +6.5V. 

The PLL control voltage from U60 provides the tuning voltage for the varactor CR27. 
The adjustable capacitor C206 is set to provide +16V on the varactor to optimize the 
VCO noise characteristic. The output attenuators consisting of R 186, R187, R189, R197, 
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R 198, and R200 provide isolation between the outputs. The VCO signal is coupled to the 
output assembly A2A4 by a through-the-plate coaxial connector P 108 at the 0 dBm level. 
The other VCO signal is connected to the divider U6I to provide the feedback for the 
PIL. 



3-49. SUB-SYNTHESIZER 

The sub-synthesizer consists of the dock generator, U34, 35, Q4, Q5, the gate-array, U33, 
the divide by 500, U 1 5, and U 1 6, and the low-pass filter L 1 1 and L 1 7. Internal to the sub- 
synthesizer gate-array, U33, are a divide-by-two, a 3 1/2 decade-rate multiplier, and 
a.ssociated latches. 

The balanced 40-M Hz ECL clock signal is converted to TTL in Q4 and 05, and converted 
to a two-phase 20-MHz clock in U34, U35. 

An enable output of each section allows multiple sections to be cascaded. The input 
frequency to the rate-multiplier is 20-MHz. The output frequency can be programmed 
from zero to 19.995 MHz in 5-kHz steps. This signal is ORed with the other phase of the 
20-MHz clock to produce 20 MHz to 39.995 MHzat U33pin 1, This is divided by two in 
the gate-array, by ten in U 1 5, and again by 50 in U 16 to produce 20 kHz to 39.995 kHz in 
5-Hz steps. This TTL signal at TP 1 1 is filtered by L 1 1 , H 7, and C4 1 , C42, C48, C50, and 
C51. Op-amp, UlO forms an active quadrature generator, and the output pins 14 and 8 
are offset by 90*. These two signals are the 20-kHz to 40-kHz inputs for the Main PLL 
single-sideband mixer. 

3-50. VCOPCA, A2A2 

The VCO PCA A2A2 is the heart of the main PLL. It produces the signal that is further 
processed to become the Signal Generator output. The VCO assembly is located in a 
bottom side compartment of the Module section A2. 

The VCO tunes over a frequency range of 490 MHzto 1050 MHz with a control voltage 
range of +2V to +18V. The basic oscillator circuit uses two active devices operating as 
negative resistance dements. Coupled symmetrically to a resonator, each active device is 
followed by a 6-dB amplifier and a I5-dB isolator pad that provides two coherent but 
isolated signals at about 0 dBm. 

One signal is sent to the Output A2A4 assembly, and the other to the Synthesizer A2A1 
assembly. To suppress harmonics, two tuned trap filters are placed between the negative 
resistance devices and amplifiers Q2 and Q4. 

The oscillator transistors Ql and Q3 are biased at 13 mA by the FET current sources Q5 
and Q6. The voltage at the collectors of Q 1 and Q3 are typically set at +6V. The two 6-d B 
amplifiers Q2 and Q4 are biased so that the voltage at their emitters is about -hO.3 V and at 
their bases about -KV, with the collectors at about +6,5V, 

The PLI. control voltage from the Synthesizer assembly A2A I at P102 provides the 
tuning voltage for varactors CR 1 and CR2. This voltage also controls varactors CR3 and 
CR4 with resistors R6, R4, RI8, R19,and R20. These varactors, in conjunction with their 
lead inductance and C 1 and C32, make up a shunt trap filter at twice the VCO frequency 
to suppress the in-band second harmonic at both VCO outputs to typically less than -10 
dBc, 

The output attenuators consisting of R13, R14, R15, R27, R28, and R29 provide the 
isolation between the two VCO outputs at P 103 and PI04, C23 and C30, in series with the 
printed board inductors, form out-of-band trap filters for approximately 1 .4 GHz. These 
filters further suppress the out-of-band harmonics. 
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C23 couples the VCO signal to the Synthesizer assembly by a Ihrough-the-plate coaxial 
connector P104, The other VCO signal is connected to the Output assembly A2A4 by a 
plug-in capacitor, A2C1 . This plug-in capacitor allows either VCO or the Output PC A to 
be removed independently from the module A2 assembly without the use of a soldering 
iron. 



3-51. Output PGA, A2A4 

The Output PCA accepts RF signals from the Synthesizer and the VCO circuits and 
command signals from the Controller. The output circuit provides a 0.01-MHz to 
1050-MHz RF signal to the Attenuator. 

The Output assembly reduces harmonic distortion components in the RF signal, 
controls RF signal amplitude, introduces AM, and generates the low (heterodyne) 
frequency band O.OI MHz to 245 MHz though mixing. It also generates a modulation 
signal to provide internal AM and FM, and provides a digital interconnect path between 
the Controller and Synthesizer. 

3-52. RFPATH 

The RF path begins with the two RF signals from the VCO and the Synthesizer 
assemblies. The SPOT bandswitch circuit selects between the 512-MHz to 1050-MHz 
signal at PI06 and the 245-MHz to 512-MHz signal at P107. The selected signal is 
applied to buffer amplifier QlOl and Q102. 

The 245-to 512-MHz signal directly generates the 245-to 512-MHz mid-band output 
signal. The 512-MHz to 1050-MHz signal generates the 512-MHz to 1050-MHz high- 
band output signal directly and the 0.01-MHz to 245-MHz low-band output signal by 
mixing with an 800-MHz LO signal. 

The buffer amplifier Q 101 and Q102 is a common-base, common-emitter cascade circuit 
with 7-dB gain. The three cascaded filter circuits that follow the buffer amplifier consist of 
combinations of discrete components and printed filters that suppress harmonics in the 
Generator RF output signal. 

The first section of the circuit is a printed 1 100-MHz low-pass filter. The second section is 
switched into the RF path via PIN diodes CR106 through CRI 10 by asserting MIDL 
when the Generator is operated in the mid-band (245 to 512 MHz). PIN diodes CRI 14 
through CRI 16 select capacitors Cl 19, CI21, and C123 whenever HAOCTH is asserted 
to change the section cutoff frequency from 512 to 350 MHz. The third section provides 
harmonic filtering for the two higher bands, 512 MHz to 730 MHz, and 730 MHz to 1050 
MHz. PIN diodes CRI 1 1 through CRI 13 select capacitors Cl 12 through Cl 14 to change 
the cutoff frequency from 1050 MHz to 730 MHz whenever HAOCTH is not asserted. 

The amplitude modulator consists of PIN diodes CRI 17 through CR120 and associated 
components and follows the switchable filters in the signal path. The modulator is a 
voltage-controlled variable attenuator that provides AM and output level control. 
Modulator control voltage is determined by the leveling-loop circuitry. The leveling loop 
is described later in this section. 

Q209, Q21 1, Q213, and associated components follow the modulator in the signal path 
and form a three-stage, 20-dB gain, 245-MHz to 1050-MHz amplifier. This amplifier 
drives a 3-dB power splitter that consists of resistors R253 through R255 and associated 
printed transmission lines. 

One power splitter output drives the leveling-loop detector diode CR202. The other 
output goes to the HET band switch that includes PIN diodes CR203 through CR210 and 
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biasing components. In the 245-MHz to 1050-MHz position, the signal passes through 
diodes CR204 through CR209 to the output amplifier Q2I5. This low-distortion output 
amplifier has 6-dB gain and output capability of 15 dBm. 

For low-band operation (0.01 MHz to 245 MHz), the signal from the power splitter is 
routed through CR203 to an adjustable attenuator, R224 through R229, and then to the 
RF port of U20 1 (a double-balanced mixer). The signal frequency at the mixer RF port 
varies from 800. 1 MHz to 1045 MHz. The 800-MHz local oscillator (LO) signal for the 
mixer comes from the Synthesizer assembly through P 1 08 and is amplified by Q207. 'This 
fixed-tuned amplifier has 13 dB of gain and provides a 10-dBm signal at the mixer LO 
port. 

The mixer 0.01-M Hz to 245-MHz output signal is passed through a diplexing low-pass 
filter (C219 through C230, R230, R23I) that suppresses unwanted mixer spurious 
products while maintaining a 50-ohm load at the mixer IF port. The filtered IF signal is 
amplified by a three-stage IF amplifier Q202, Q204j Q206 and associated components. 

The IF amplifier gain increases with frequency and is nominally 35 dB at 0.01 MHz and 
37 dB at 245 MHz. This gain characteristic compensates for the increasing loss with 
frequency of the mixer and the diplexing low-pass filter. The output of the IF amplifier 
passes through a 245-MHz low-pass filter(C2I6, C217, C218 and printed inductors) and 
PIN diode CR210 to the output amplifier. The +15V power supply for the LO and IF 
amplifiers is switched off by Q30I when the instrument is operating in the 245-MHz to 
1050-MHz band to avoid introducing spurious products in the instrument output. 

3-53. LEVELING LOOP 

The leveling loop accepts the unleveled 245-MHz to 1050-MHz signal from the 
switchable low-pass filters and generates a leveled signal at the power splitter output that 
feeds the HET band switch. The leveled signal is proportional to the leveling loop control 
voltage that is generated by the level-control circuit. The signal amplitude at the other 
output of the power splitter is detected by a Schottky detector diode, CR202, 

This diode generates a temperature-dependent dc voltage, which is a non-linear function 
of the applied R F voltage, so temperature compensation and linearization are necessary. 
The detector diode signal is low-pa.ss filtered by L2I7 and C253, and is offset by the 
voltage across temperature-compensating diode CR126, Q104, Q105 and associated 
components form a current source circuit that provides bias current for CR126 and 
CR202. 

The offset detector diode voltage at UIOIB pin 3 is linearized by amplifier U 101 B and its 
associated feedback components. Potentiometer RI44 provides detector linearity 
adjustment. Thus, the voltage at UlOlB pin 1 is proportional to the RF voltage at 
detector diode CR202. 

This voltage is divided and applied to the loop integrator amplifier at U 101 A pin 6. This 
amplifier drives the modulator through emitter follower Q103 and through the action of 
the ALC loop, maintaining the voltage level at UlOl A pin 6 equal to that on pin 5. Pin 5 
voltage is a function of the leveling loop control voltage applied to R140. R140, R141, 
CR127, and CRI28 form an additional detector linearizing network that is active for low 
RF levels. Amplitude modulation is achieved by summing an appropriately scaled 
modulation signal with the dc leveling loop control voltage applied to R140, 

The amplitude modulator consists of PIN diodes CR 1 1 7 through CR 120, resistors R 1 21 , 
R122, and capacitors Cl 37 and Cl 38. Attenuation through the modulator is a function of 
bias current through the PIN diodes. This current is provided by the modulator linearizer 
circuit (R123 through RI29, R148, R149, CI39 through C143, and CR121). 
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Modulator attenuation is thus approximately proportional to the modulator control 
voltage at the emitter of Q 103. Proportionality is required to maintain constant leveling 
loop bandwidth as modulator attenuation varies. Minimum attenuation is obtained with 
a modulator control voltage of lOV, while maximum attenuation is obtained with OV. 



Comparator U3 lOA and associated components form an unleveled indicator circuit. The 
comparator senses the modulator control voltage at the emitter of Q103. This voltage is 
normally less than +1 IV, and the comparator output is high. If the modulator control 
voltage exceeds +1 IV, the modulator attenuation is at a minimum, and the leveling loop 
becomes inoperative (unleveled). This condition could be due to a fault or some abnormal 
operation such as over-modulation. In this case, the comparator output (UNLVLL) goes 
low. The Controller senses this low and causes the front panel ‘UNCAU indicator to flash 
and displays an unleveled status if interrogated. 

3-54. LEVEL CONTROL 

The instrument output level is set by the level-control circuit. Inputs to this audio signal 
processing circuit are the internal and external modulation signals, a dc reference voltage, 
and the digital control commands. The circuit output is the leveling loop control voltage 
that provides vernier level control of the Generator output. Digitally encoded level, 
modulation depth, and temperature-compensation information are provided by the 
Controller, 

Selection of the internal or external modulating signal, or no modulation, is made by 
analog switches U401C, U401D, and Op-amp U402B, The selected, buffered modulation 
signal at U402B pin 1 is applied to pin4 of U30I, adual 8-bit DAC U301, with U302D, 
acts as a digitally programmed variable attenuator and is labeled AM DAC. 

Binary AM depth control information from the Controller is applied to DAC U301. The 
output at U302D pin 14 is the modulation signal scaled to the programmed AM depth. 
This ac signal is summed by op-amp U302B with a dc reference voltage provided by 
CR403. The output at U302B pin 7 is called the 1+AM signal. This signal provides the 
desired AM depth when scaled by the LVL DAC and applied to the leveling loop, AM 
depth adjustment is provided by potentiometer R421. 

The instrument RF output amplitude is temperature compensated in a frequency- 
dependent manner as follows. The H-AM signal is applied to pin 1 8 of dual 8-bit DAC 
U301, the DAC B reference input. The DAC output, at U405D pin 14, is the H-AM signal 
attenuated by an RF frequency-dependent factor provided by the Controller using 
constants stored in the Generator firmware. This voltage is applied to a 
resistor/thermistor network that includes R303, R305, R306, and RT301. 

The network output is the 1+AM signal attenuated by an RF frequency and temperature- 
dependent factor, and is applied to summing op-amp U302C. The 1+AM signal is also 
applied to this summing amplifier. Thus, the voltage at U302C pin 8 is the temperature- 
compensated and scaled 1+AM signal 

This signal is applied to the reference input of Level DAC U303. This 12-bit DAC, with 
op-amp U302A, latches U304, U305, controls the Output assembly RF output amplitude. 
The DAC output voltage, at U302A pin 1, is the temperature-compensated 1+AM signal 
multiplied by a factor proportional to the 12-bit level control number provided by the 
Controller. This voltage is the leveling loop control voltage. The Generator RF output 
level adjustment is provided by potentiometer R3 1 1 , and DAC offset voltage adjustment 
is provided by potentiometer R309. 
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3-55. MODULATION OSCILLATOR 

The modulation oscillator generates a leveled sine wave of 400 Hz or 1 kHz and is the 
modulation source for the internal AM and FM functions. The oscillator is a level- 
controlled Wien-Bridge type and consists of op-amps U405A, U405B. Frequency is 
determined by the series RC time constant of the components between pins 5 and 7 of 
U405B and by the parallel RC time constant of the components from U405 pin 5 to 
ground. The modulation frequency control line, MF400L, originating at the latch U308, 
selects either 400-Hz or 1-kHz operation, and is selected by switching resistors with 
JFETs Q401 and Q403. 

The amplitude of oscillation is controlled by an ALC loop that varies the resistance on 
U405B pin 6 to ground. This resistance comprised of R412 and the drain resistance of 
Q402, is nominally 2K ohms. The oscillator signal amplitude is sensed by rectifier CR401 . 
The average current through CR401 is made equal to the reference current in R416 by 
integrator-amplifier U405A. Level adjustment is set by potentiometer R419. 
Temperature compensation is provided by R417, R418, and CR402. 

3-56. FM DEVIATION CONTROL 

The FM modulation signal source and deviation control circuits are on the Output 
assembly. Analog switches U401A, U401B, and op-amp U402A .select the internal or 
external modulating signal, or no modulation. The selected and buffered modulating 
signal at U402A pin? is applied to FM DAC U403. This DAC provides fine control of the 
FM deviation. (The coarse control FM circuitry is part of the Synthesizer assembly). The 
output of the DAC, at U405C pin 8, is the modulation signal multiplied by a factor 
proportional to the 8-bit FM deviation control provided by the Controller, 

3-57. Attenuator/RPP , A2A5 

The Attenuator/ RPP Assembly, A2A5, consists of an Attenuator/ RPP PCA, A2A5 A4, 
in a metal housing mounted on the top side of the A2 module section to form a shielded 
enclosure. The Relay Driver / RPP PCA, A2A5A5, is included in this assembly. 

The Attenuator assembly controlled by the microprocessor provides coarse control of 
the Signal Generator output level. The high-level signal from the Output PC assembly, 
A2A4, is applied to the Attenuator which provides 0 dB to 1 38 dB of attenuation, in 6-dB 
steps, to this signal before it goes to the Generator RF OUTPUT connector. 

Compensation data for the attenuator in each Generator is stored in the Attenuator 
calibration EPROM located on the Controller PCA, A2A7. The instrument program 
uses this data to correct for the combined deviations of the attenuator sections in use. For 
more details on level correction, refer to paragraph 3-13, Amplitude Control. 

The Attenuator/ RPP Assembly provides an attenuation range from 0 dB to 138 dB in 
6-dB steps and consists of seven independently cascaded 50-ohm attenuation sections, a 
6-dB, a 12-dB, and five 24-dB sections. Each section consists of a DPDT relay and a 
three-resistor attenuator pad. 

One relay position (when power is applied to the relay provides a straight path for the RF 
signal, and the other position (no power applied to the relay) inserts the attenuator pad 
into the RF signal path. All seven relays are inside individual shielded compartments in 
the Attenuator housing. 

The control of the Attenuator relays is latched via U27, the open-collector drivers U30 
and U31 on the Controller PCA A2A7 and transistor drivers on the A2A5A5 Relay 
Driver/ RPP control PCA. For calibration and troubleshooting purposes, special 
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functions 83 through 86 allow the direct selection of four of the five 24-dB attenuators. 
The other 24-dB attenuator is selected by programming the appropriate level (-12 dBm). 

Coupling capacitors C6 and C7 protect against dc or low-frequency power. The diode 
limiter, consisting of CR2 through CR9, provides protection against medium RF Power 
levels and short-term (fast acting) protection against high RF power levels. Long-term 
(latched) protection is provided by relay K8 whenever the reverse RF pwer exceeds a 
preset level. 

RF power detected by CRl is compared with the preset voltage in one section of 
comparator Ul. When the delected voltage exceeds the set value, the output of U1 pin 1 
goes positive, turning on Ql and Q2. This actuates K8 to the protect position. In the 
protect position, the output connector is shorted to ground and the Generator output is 
disconnected from the output connector. 

CR 1 5 and R6 form a latching network such that K8 remains in the protect position until 
the Generator RF Output is reset by an RF ON entry. The output of the comparator is 
buffered and sent as RPTRPL to interrupt the Controller signal that annunciates the 
RPP trip condition by flashing the UNCAL and RF OFF indicators. 

3-58. Controller PCA, A2A7 

The Controller, under the direction of the instrument software, handles the data interface 
between the front panel, remote interface, and Generator functions. The Controller is 
located in a top side compartment of the module section, A2. 

The Controller printed circuit assembly consists of the following functional groups: 

Microprocessor and its interface circuitry 

Attenuator control interface 

Front panel interface 

IEEE-488 Interface 

Memory ICs and addressing circuitry 

Module I/O circuitry 

Reset circuit 

Status and control latches 
3-59. MICROPROCESSOR 

The heart of the Controller assembly is Ul, a TMS9995 16/8 bit microprocessor. The 
digital system clock signal is generated by an oscillator comprised of gates from U5 and 
crystal U41 . When enabled, bidirectional buffer U4 provides additional drive current to 
the data bus operation; when it is disabled, it isolates the microprocessor from the system 
data bus. Buffers U33, U34, and UlO provide extra drive current to the microprocessor 
address and control signals. 

3-60. ATTENUATOR CONTROL INTERFACE 

The attenuator control signals are latched by U27. Darlington drivers U30 and U31 
control the Relay Drivers A2A5A5 PCA. 

3-61. FRONT PANEL INTERFACE 

Data is transferred to and from the front panel circuitry through tri-state bidirectional 
data buffer U 18. This buffer is active when a front panel latch is addressed and the buffer 
control signal from U17 is low; otherwise, it is in the high-impedance state. The front 
panel latch select lines are decoded by U36. To reduce RF emissions from the Generator, 
low-pass filters comprised of the following components are used on the following signals: 
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SIGNALS 

Signal CLRL 
Latch select SEGIL 
I.atch select SEG2L 
Latch select SEG3L 
Latch select SEG9L 
Latch select DIGL 



COMPONENTS 

R6 and C51 
R7 and C53 
R8 and C54 
R9 and C55 
RIO and C56 
Rll and C57 



In addition, capacitors CSS and C59 bypass the display filament supplies. LC filters 
comprised of LI and C50, and L2 and C52 are used on the +5 volt and +37 volt supplies 
to the front panel circuitry. 

3-62. IEEE-488 INTERFACE 

Tri-stale bidirectional buffer U2 buffers the data bus to the optional IEEE- 488 assembly, 
A3A3. Address and control lines to the option are buffered by tri-state buffer U3. These 
buffers are in the high-impedance state when the option is not addressed. 

The active low interrupt signal lElNTL from the IEEE-488 option is connected to the 
level four interrupt on the microprocessor. When the option is not present, lEINTL is 
pulled up to the inactive state. R1 and C22 form a low-pass filter to suppress digital 
emissions from the Generator. 



3-63, MEMORY 

The microprocessor uses a 2K-byte RAM (U25) to store program variables. A 32K- and 
an 16K-byte EPROM (U21 and U22) contain the microprocessor instructions and 
constant data. Three 2K-byte Calibration EPROMs (U23, U24, U26) contain calibration 
data for the VCO, Output, and Attenuator/ RPP assemblies, respectively. Decoders U20 
and U 14 decode the individual chip selects for the memory iCs, 

3-64. MODULE I/O 

Control data is transferred to the RF circuitry (located in the Module Section, A2) 
through a byte wide unidirectional data bus. This data is retained on the RF circuit 
boards in latches. Select lines BSELOL, BSELIL, and address lines BAB2 through BABO 
are decoded into individual latch enables on the various RF circuit boards. Tri-state 
buffers U15 and UI6 on the data and address lines provide extra drive current and allow 
these signals to float when inactive. 

Flip-flop U42 gates the module I/O select pulse from U8 with the system clock to delay 
the leading edges of BSELOL and BSELIL to provide adequate latch setup times, D-flip- 
flop U9 latches address lines BAB2 through BABO to provide adequate latch hold times. 

3-65. RESET 

Comparator U7 and its associated circuitry generate the active low reset signal to the 
TMS9995. The reset signal is generated on power-up or if the +5V supply drops below 
+5V. 

At power-up, R5 and C4 provide a slow-rising reset signal to the microprocessor, and the 
output of U7 is ignored. When the +5V supply is up, a reference voltage is set at U7 pin 2, 
the negative terminal. This reference voltage is one diode drop below the voltage at the 
positive terminal (pin 3). When power is lost, the voltage at the positive terminal falls 
below the reference voltage held by C3, and the output of U7 is immediately pulled low. 



t 
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3-66. STATUS AND CONTROL 

Tri-stale buffers Ull and U40 read the three hardware fault detector status signals, 
UNLVL, UNLOKL and RPTRPL, the five option status signals HSOPTL, MSREFL, 
lEINL, LRFML, and ROPTL, and the status of the REF INT/ EXT switch. Control and 
buffer enable signals are latched by U17. 

3-67. REAR SECTION, A3 

The rear panel section consists of a fuse/ filter/ line-voltage selector switch A3FL1, a 
transformer A3T1, a Power Supply PCA A3A1, and a fan, A3BL The line-selector 
switch accommodates four line voltages, 100/120/220/240 volts, selected by the 
orientation of a pullout PCB. 

The transformer A3T1, with its two primary windings, accepts these four voltages and 
produces the necessary five secondary voltages. The power supply PCA A3A1 rectifies, 
filters, and regulates these secondary voltages to produce the dc voltages required by the 
Generator. The dc fan A3BI is connected to the unregulated +5V supply. 

NOTE 

The power supply for Option -130 High-Stability Reference is separate. It has 
an automatic change over switch for different input line voltages. 

3-68. Power Supply PCA, A3A1 

The bridge rectifiers in the power supply are used in either a bridge or full-wave center- 
tapped configuration with capacitor input filters. Table 3-1 lists the rectifier 
configurations as well as the component designations for the various supplies. 

The two +15V, the -15V, and the +5V supplies use conventional three-terminal IC 
regulators with internal current-limiting and temperature protection. All three 15V 
regulators have reverse voltage protection diodes CR3, 4, and 8. 

The +37V regulator voltage is adjustable via R3. A 6.2V supply is developed from the 
-|-37 V supply through resistor R4 and zener diode CR7 and is applied to the center tap of 
the 6V ac filament supply. This provides grid bias for the front panel displays. All 
regulators (except +37V) have their common reference terminals brought out to an 
external ground point on module A2 to reduce power supply ripple (P2). 

Triac U6 is a voltage surge protector to protect against line voltage surges as well as 
overvoltage in case of a wrong setting of the selector switch. 

Switch S 1 is the REF INT/ EXT reference selection switch and is not functionally part of 
the power supply. 



Table 3-1. Power Supply Rectifier Configurations 



SUPPLY 


SECT, 


CONFIG. 


CAP 


REGULATOR 


REMARKS 


+37 


CR6 


Bridge 


C11 


A3A1 UA 


Adj ustable 


+15 


CR2 


CT/FW 


C2 


” U5 


Fi xed 


+15 


CR2 


CT/FW 


C2 


" U1 


Fixed 


-15 


CR2 


CT/FW 


C5 


" U2 


Fi xed 


+5 


CR5 


CT/FW 


C8 


A3 U3 


Fi xed 


+18 


CR1 


Bridge 


Cl 




Unregulated relay supply 


FIL 


6V ac with center-tap 


biased at 6.2 


V dc. 
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3-69. Sub-Harmonic Reference (Part of A2A1) 

Comparator U67 forms an ac-to-TTL converter. Diode CR20 and CR21 precondition 
the REF IN signal to protect the comparator. Resistors RMS, RI49, R153, and R2I7 
provide hysteresis, preventing oscillation when there is no input. 

MOS switch U70 connects the control voltage of the lO-MHz crystal oscillator to a bias 
network R229, R230, and R231, or to the loop amplifier, thus closing a phase-locked 
loop. 

The phase detector and loop amplifier are made up of U68, Q26, Q27, Q28, and U69. The 
signal from the external reference input through the ac-to-TTL converter or the 
enhanced stability options is applied to the flip-flop clock input, U68-3, via U54. The 
10-MHz signal from the crystaloscillatorgoes to the other flip-flop clock input, U68-1 1. 
The flip-flops are connected , so the width of the pulse that switches Q38 is the difference 
in time of these two signals (U68-3 and U68-1 1 ). The phase-detector operating point is set 
by R223 and R224. 

The output of the loop amplifier is applied as the control signal to the frequency control 
input of the 10-MHz crystal oscillator through the control switch U70. The control 
switch, U70, is controlled by the Generator Controller through the control line SHENL. 
This line is enabled when rear panel REF INT/EXT switch is set to EXT or when the 
enhanced stability options are present. 

An out-of-lock detector is formed with one-shot U71 . The out-of-lock detector provides 
a status output to the Controller that indicates the lO-MHz oscillator is not locked. An 
out-of-lock condition causes the loop amplifier to have a low-frequency beat note which 
triggers the one-shot to act as a pulse stretcher. 

The output of the one-shot is an active-low signal and is combined through diode CR29 
with other signals to form the UNLOK. status signal. 

3-70. NON VOLATILE MEMORY A2A8 
3-71. Power Circuit 

There are two sources of power for the Non-Volatile Memory RAM IC. These are the 
battery and the regulated +5V Signal Generator supply. Diodes CRl and CR2 form a 
basic diode switching circuit that allows the power source with the higher voltage to 
provide current to the CMOS RAM and isolate the other power source. 

Q1 and Q4 are turned on by Q2 and Q3 when the +5V supply is above the threshold 
voltage set by VRI, R2, and R3. Q1 has a low collector saturation voltage. When it is 
turned on, the supply voltage to the CMOS RAM is very dose to +5 V. The output of Q4 
is the power valid signal. The CMOS RAM cannot be accessed until the output of Q4 
goes high, 

3-72. Memory Control 

All address, data, and control lines to the CMOS RAM are buffered. The enable signals 
WEL, DBINL, and the CMOS RAM are buffered with open-collector gates. These 
signals are held at the same potential as the CMOS RAM supply when the +5V supply 
goes down, ensuring the CMOS RAM draws the minimum standby current. 

The presence of the Non-Volatile Memory is detected by the microprocessor when the 
option is plugged into the Controller board. The signal NVMENL, normally at +5V, is 
pulled to ground when the option is installed. 




Section 4 

Maintenance 




II 













4-1. INTRODUCTION 

This section of the manual presents warranty information and service methods. 
Performance test procedures are presented in Section 4A, access procedures in 4B, 
calibration adjustment procedures in Section 4C, and troubleshooting and repair 
information in Section 4D. 

Each Signal Generator is warranted for a period of one year following delivery to the 
original purchaser. The warranty is located in front of Section 1 of this manual. 

4-2. SERVICE METHODS 

The Signal Generator is designed to be easily and economically serviced. You may return 
your instrument to Fluke for service, or you may service it yourself, and repair it, if 
necessary, by module replacement or component replacement. 

4-3. Fluke Service 

Fluke Service is probably the easiest for you. To ship a Signal Generator to the Fluke 
Technical Service Center nearest you, see Section 2 for shipping requirements and 
Section 7 for a list of repair centers. A cost estimate will be provided if you request one 
and if your instrument purchase date is beyond the warranty period. 

4-4. Module Replacement 

If your Generator develops a problem, see the Troubleshooting Section 4D for 
information on identifying the faulty module. With a modest amount of technical 
knowledge and test equipment, you can identify the faulty module and replace it using the 
Module Exchange Program. This method takes only a day or two to restore the 
Generator to proper working order. Very little or no calibration is required depending on 
the module replaced. 

Module exchange is used if it is necessary to completely recalibrate any of the three 
modules in your Generator that have an associated calibration EPROM. 

4-5- Parts Replacement 

Parts replacement requires more equipment and service capability but usually offers the 
best economy and quickest turnaround. It involves part replacement at the customer’s 
facility. 

Most faults are detected by the built-in self tests or the UNCAL status circuits. By noting 
the self-test error code and interrogating the UNCAL status code, the service technician 
learns where the problem is. By applying normal signal tracing and troubleshooting 
procedures (see Troubleshooting in Section 4D of the manual), the fault can be quickly 
identified. 
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The faulty component is replaced, and then the instrument is recalibrated using 
Calibration Adjustments in Section 4C of this manual (if necessary). The Performance 
Tests explained in Section 4A of this manual are used to verify the Generator 
performance after repair or recalibration of the Generator. 

Some assemblies have some non-field-replaceable parts. These parts, if replaced, would 
invalidate the calibration EPROM associated with that assembly. They are the Output 
(A2A4), the VCO (A2A2), and the Attenuator/ RPP (A2A5) assemblies. Non-field- 
replaceable parts are listed in the appropriate parts lists at the bottom of that list. 



In the event that a non-field-replaceable part is defective (about 10% of the parts are not 
field-replaceable), it is necessary for the module to be replaced using the Module 
Exchange Program in order to realize a complete recalibration of that module and its 
associated EPROM. Section 7 lists the national and international Sales Representatives 
and Service Centers. 
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4A-1. INTRODUCTION 

The information in the following paragraphs describes the performance tests for the key 
parameters of the Signal Generator, using the instrument specifications as the 
performance standard. These covers-on performance tests may be used as an acceptance 
test upon receipt of the instrument, as an indication that repair and/or calibration is 
required, or as a performance verification after completing repairs or calibration of the 
instrument. Individual performance tests can be used as troubleshooting aids. 

The Signal Generator being tested (UUT) must be warmed up with all covers in place for 
at least 20 minutes before starting the performance tests. 

Periodic calibration is recommended once a year. 

4A-2. TEST EQUIPMENT 

Table 4A-1 gives a list of the recommended test equipment for the performance tests, 
adjustment procedures, and for troubleshooting the Generator. Figure 4A>1 shows a 
Two-Turn Loop, 




Figure 4A-1. Two-Turn Loop 
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Table 4A-1. Recommended Test Equipment 



INSTRUMENT NAME 


MINIMUM REQUIREMENT 


MANUFACTURER 

DESIGNATION 


NOTES 

(1) 


DVM 


5 1/2-Digit, 0-3K DC-2Q kHz 


JF 8S40A-09 


A,P 


DMM 


3 1/2-Digit, U DC and 1 KHz 


JF 80 20B 


A, P,T 


Wideband Amplifier 


>25-dB gain, 0,4 to 1050 MHz 
NF <9 dB. 


HP 8447D-010 


P 


RF-Spectrum Analyzer 


0,1 to 1 .5 GHz, 1-kHz 8W 


HP S55SS/1S2T 


P,T 


Osci 1 Loscope 


Four-trace 300 MHz, 5-mV/Div 


TEK 2465-11 


T 


FET Probe 


DC-900 MHz 


TEK 6201 


T 


RF Voltmeter 


0.01 to 700 MHz, 0.01 to 3V 
±1CK 


HI RF 801 


T, 2 


Frequency Counter 


0.4-1050 MHz; 10 Hz res; 0.1V 


JF 7220A 


A,P,T 


Modulation Analyzer 


Input} 0.4 to 1050 MHz, 0 to 


HP 8901 A 


A,P,T,4 



Distortion Analyzer 

Power Meter 
Sensor 

Low-Level Sensor 



+20 dSm 

AM; 10 to 90X, ±U, 

FM: 0.1 to 100 kHz dev +1% 

1 to 10K rng, +1de, 0.4 and HP 3398 

1 kHz 

Instrumentation accuracy < ±1% HP 435B 

-30 to 20 dBm; SWR < 1.2 for HP 8482A C4> 

0.4 to 1 MHz, < 1.1 for 1 to 
1050 MHz 

-67 to -20 dBm; SWR < 1.4 for HP 8484A 
10 to 30 MHz <1.15 for 30 to 



A,P,T,4 

A,P,T,4 



Attenuator, 60 dB 


0.4 to 1050 MHz SWR <1.1 


Narda 777C 


P,5 


LF Synthesized Sig- 


10 Hz to 11 MHz, 10 Hz steps. 


IV pk J F 6011 A 


A,P 


Gen 

Frequency Standard 


Spurs and Harm < -50dB, 
House Standard, 10 MHz 


..... 


A,P 


Test Cable 


Dual pin to SNC 


JF 732891 


A,T 


Adapter, Coax 


50-ohm, Type-NCm) to BNC(f) 


JF Y9308 


A,P,T 


Adapter. Service 


50-ohm, Module output to SMA 


JF 744177 


T 


Two-Turn Loop 


For Leakage test (See Figure 


Homebuilt 


P,T,3 


SWR Bridge 


4A-1.) 

10 MHz to 1000 MHz 


Wiltron 62N50 


P 


Type-N Termination 


SO-ohm 


JF Y9317 


P 


Coaxial Cable, 50 ohm 


3 ft, BNC both ends 


Y9111 


A,P,T 


Coaxial Cable, 50 ohm 


6 ft, BNC both ends 


Y9112 


A.P,T 


Screwdriver, electric 


Set to 7 inch-pounds torque 


Jergens- 


A,T 


Power Supply, Variable 


0 to 30V dc 


CL6500/ CLT50 


T 
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Table 4A-1. Recommended Test Equipment (cont) 



Notes 

1. A = Adjustment; P = Performance Test; T = Troubleshooting. 

2. Helper instruments, 

3. Two-Turn, 1-inch diameter Loop made of £18 enamel wire soldered to 
a BNC connector. Figure 4A-1 shows a two-turn loop. 

4. The HP8902A/11722A Measuring Receiver may be used in place of the 
wideband amplifier. 60-dS Attenuator, HP8901A. HP339B/ and the 
HP435B/8482A/8484A for the alternate performance test. 

5. SUR verified and actual attenuation calibrated to 10.2 dB by the 
operator at application frequencies. 



4A-3. POWER-ON TEST 

This performance test is the built-in self test that performs a simple functional check of 

the instrument. 

REQUIREMENT 

The Generator successfully passes the self test. 

REMARKS 

The test is begun each time the Signal Generator is turned on. Press any of the 

FUNCTION keys or the [CLR/LCL] key to abort the test. 

procedure 

a. Start the test with the POWER switch off. 

b. Turn the POWER switch on. 

c. The Signal Generator automatically starts the self tests, which include turning 
on all indicators, indicators, and every segment of the display. This test takes 
five seconds. 

d. If the instrument fails any of the self tests, the results are shown in the four 
display fields. See paragraph 4D-17 for the interpretation of the test failure 
codes. 



If the Generator passes the self test, it programs the Generator to the same front 
panel condition that existed when the Generator was previously turned off. The 
IEEE-488 Interface (if installed) is programmed to local control. 



4A-4. SYNTHESIS TEST 

Using a Frequency Counter operating on a common reference with the Generator, the 
Generator output frequency is measured at several programmed frequencies. 
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REQUIREMENT 

The Generator’s measured and programmed frequencies agree within ± one count. 
TEST EQUIPMENT 
Frequency Counter 
REMARKS 

Failing this test indicates the need to repair and/or recalibrate the Synthesizer A2A1 
assembly. 

PROCEDURE 

a. Connect the UUT 10 MHz OUT to the Frequency Counter 10-MHz reference 
input, and connect the UUT RF OUTPUT to the Counter input. 

b. Set the UUT REF INT/EXT Switch to INT. 

c. Program the UUT to [RCL] [9][8]. 

d. Program the UUT frequency to 111,1111 MHz, 

e. Program the UUT frequency step to 111.1111 MHz. 

f. As the frequency is stepped from 111,1111 MHz, 222.2222 MHz, etc., to 
999.9999 MHz, verify that the Counter reading agrees with the UUT frequency 
± one count. 

4A-5. HIGH-LEVEL ACCURACY TEST 

The output power is measured with a power meter at various frequencies, first with the 
step attenuator set for zero attenuation, then with each attenuator section individually 
programmed, the output level accuracy and attenuator section errors are computed. 

REQUIREMENT 

The output level accuracy, the attenuator section errors, and the sum of the attenuator 
section errors at each test frequency are less than ± 1.0 dB, frequency > 0.4MHz. 

TEST EQUIPMENT 

Power Meter with a Sensor 

REMARKS 

Failing this performance test indicates the need to replace the Output (A2A4) and / or the 
Attenuator/ RPP A2A5 assemblies. To determine which assembly is at fault, use Section 
4D in this manual for Troubleshooting procedures. 

The test frequencies of this procedure provide reasonable confidence of the amplitude 
accuracy of the UUT. However, additional test frequencies may be included in this test. 
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This test verifies the high-level accuracy of the Generator and also verifies that the 
amplitude correction factors for the individual Attenuator sections are correct. This test, 
in conjunction with the mid-level accuracy and low-level accuracy tests, verifies the 
overall level performance of the UUT. 

PROCEDURE 

a. Calibrate and zero the Power Meter. 

b. Program the UUT to [RCL] [9][8]. 

c. Connect the Power Sensor to the UUT RF OUTPUT. 

d. Program the UUT frequency to 0.4 MHz. 

e. Select each attenuator section by programming the UUT amplitude to the levels 
shown in Figure 4A-2 High-Level Accuracy test conditions, and record the 
measured power at each level. 

f. For each programmed level of Figure 4A-2, compute the output power error 
(subtract the programmed power in dBm from the measured power in dBm). 
These errors must not exceed ± 1.0 dB. 

g. For attenuator sections 1 through 7, subtract the measured power for section 
zero from the sum of the measured power for that section and the nominal 
attenuation for that section, e.g., (-M0+M1+6) for section 1. The eight section 
errors and their sum must not exceed ± 1.0 dB. 

Figure 4A-2 shows the parameters of the high-level accuracy test. 





OUTPUT POWER 




ATTENUATIOM 


program 


MEASURED 


ERROR 

(d8) 


SECTION 

ERROR 

<dB> 


LIMIT 

(dB) 


SECTION 


NOMINAL 


CdBm) 


(dBm) 


0 


0 


+12 


MO 


MO-12 


MO-12 


±1 .0 


1 


6 


+ 6 


Ml 


MI-6 


-M0+M1+6 




2 


12 


0 


M2 


M2-0 


-MO+M2+12 


M 


3 


24 


-12 


M3 


M3-12 


-M0+M3+24 


II 


4 


24 


-12 CSPCL1 


L&2ZZ2 M4 


M4-12 


-M0+M4+24 


H 


5 


24 


-12 CSPCL3 


ES:C4: M5 


M5-12 


-MD+M5+24 


II 


6 


24 


-12 cspcl: 


tSlL52 M6 


M6-12 


-M0+M6+24 


f| 


7 


24 


-12 CSPCL] 


:S3:6] M7 


M7-12 


-MQ+M7+24 


" 




Sum of 
Errors 


±1-0 



Figure 4A-2. High-Level Accuracy Test Conditions 
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NOTE 

To test Attenuator sections 4 through 7, program the Signal Generator to -12 
dBm, and key in [SPCL] [8][3] through [8J6] respectively, 

h. Repeat steps d through g with the UUT programmed to each of the following 
frequencies: 

120 MHz, 244 MHz, 245 MHz, 850, and 1050 MHz. 

To illustrate the procedure, Figure 4A-3 is an example in which the measured 
power and the error calculations are shown. This example is for one frequency, 
and these measurements and calculations are repeated at other frequencies. In 
this case, the section errors and the sum of the section errors are within the test 
limits and, therefore, the unit passed. 

4A-6. MID-LEVEL ACCURACY TEST 

The level accuracy is verified, from -24 to -66 dBm at frequencies of 120, 244, 245, 850, 
and 1050 MHz, using the Power Meter with a Low-Level Sensor. 

REQUIREMENT 

Amplitude accuracy is ±1.0 dB from +13 to -I27dBm. 

TEST EQUIPMENT 

Power Meter with a Low-Level Sensor 

REMARKS 

This test, in conjunction with the High-Level Accuracy Test and the Low-Level Accuracy 
Test, verifies the overall level performance of the UUT. 

It is convenient to use the UUT RF ON/OFF control when zeroing the Power Meter. 
PROCEDURE 

a. Program the UUT to the Instrument Preset State [RCL] [9][8], and then 
program 30 MHz and -24 dBm. 

b. Calibrate the Power Meter. 

c. Connect the Power Meter with a Low-Level Sensor to the UUT RF OUTPUT. 

d. Zero the Power Meter. 

e. With the Power Meter, measure the UUT output power (in dBm). It should 
agree with the programmed level within ± 1.0 dB. 

f. Repeat steps e and f for levels of -30, -36, -42, -48, -54, “60, and -66 dBm. 

g. Repeat steps d to g for frequencies of 244, 245, 850, and 1050 MHz. 
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I 



H 







OUTPUT 


POWER 




ATTENUATION 


PROGRAM 


measured 


ERROR 

(dB) 


SECTION 


LIMIT 

(dB) 


SECTION 


NOMINAL 


(dBm) 


(dBm) 


(dB) 


0 


0 


+12 






+12.2 


+0.2 


+12.2-12.0 


= -K).2 


1 


6 


+ 6 






+05.9 


-0.1 


-12.2+5.9+6 


= +0.3 


2 


12 


0 






“0D.2 


-0.2 


-12.2-0.2+12 


= -0.4 


3 


24 


-12 






-12-1 


-Q.1 


“12.2-12.1+24 


= -0.3 


4 


24 


“12 


CSPCLKS: LZ2 


-11.8 


+0.2 


-12.2-11.8+24 


= +0.0 


5 


24 


-12 


CSPCL]CS]C4] 


-12.0 


+0.0 


-12.2-12.0+24 


= -0.2 


6 


24 


"12 


tSPCL3C83 C53 


-12.3 


-0.3 


-12.2-12.3+24 


- “0.5 


7 . 


24 


-12 


cspcl:c8:c6: 


-11.9 


+0.1 


-12-2-11-9+24 


= -0,1 




Sum of Errors 


= -1,0 



Figure 4A-3. High-Level Accuracy Test Conditions 



4A-7. LOW-LEVEL ACCURACY TEST 

The Power Meter with a Low-Level Sensor and the calibrated 60-dB Attenuator are used 
to verify the U UT level accuracy at -1 27 dBm and at frequencies of 1 20, 244, 245, 850, and 
1050 MHz, by using the Spectrum Analyzer as an indicator. 

REQUIREMENT 

Amplitude accuracy is ±1.0 dB from +13 to -127 dBm. 

TEST EQUIPMENT 

Wideband Amplifier 

60-dB Attenuator 

RF Spectrum Analyzer 

Power Meter with a Low-Level Sensor 

REMARKS 

This test, in conjunction with the Mid-Level Accuracy and High-Level Accuracy Test, 
verifies the overall level performance of the UUT. 

Failing this test, but passing the High-Level Accuracy Test, probably indicates a leak- 
around problem in the UUT attenuator. Service tip: 

Check for a broken feed-through filter or improper mechanical assembly, i.e. , loose 
screws and/or damaged or misplaced gaskets. 




It is convenient to use the UUT RF ON/OFF control when zeroing the Power 
Meter. 
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PROCEDURE 

a. Program the UUT to the Instrument Preset State [RCL] [9][8], then program 30 
MHz and -67 dBm. 

b. Calibrate and then connect the Power Meter with a Low-Level Sensor to the 
UUT RF OUTPUT. 

c. Program the UUT to -67 dBm. 

d. Zero the Power Meter. 

e. With the Power Meter, measure the UUT output power (in dBm) and record the 
measurement as the variable P. 

f. Connect UUT RF OUTPUT through the 60-dB Attenuator and the Wideband 
Amplifier to the input of the RF Spectrum Analyzer. Use well shielded cables to 
avoid leakage that could affect the measurement. 

g. Adjust the Analyzer to display the signal, using a resolution bandwidth of 1 kHz 
and a vertical display of 1 dB/ Div. Adjust the reference level so that the response 
is at a convenient reference point on the display, e.g., 2 dB below top scale, This 
signal response corresponds to a level of (P-A) dBm, where A is the value of the 
60 dB Attenuator. 

h. Program the UUT to a level of -127 dBm, remove the 60-dB Attenuator, and 
note the difference in the resulting response on the Spectrum Analyzer from the 
previous response (P-A). The actual UUT output level is (P-A) plus this 
difference and should agree with the programmed level to within ± 1.0 dB. 

i. Repeat steps c through h for frequencies of 244, 245, 850, and 1050 MHz. 

4A-8. ALTERNATE-LEVEL ACCURACY TEST 

The Measuring Receiver is used to verify the UUT level accuracy from -l-l 1 dBm to-l27 
dBm, and at various amplitude and frequency settings that test all level ranges of the UUT 
on all RF bands. 

REQUIREMENTS 

Amplitude accuracy is ±1.0 dB from +13 dBm to -127 dBm, frequency > 0.4MHz. 
TEST EQUIPMENT 
Measuring Receiver 
REMARKS 

This one test is a more comprehensive test than the High-Level, Mid-Level, and Low- 
Level Accuracy tests. 

Failing this test at levels above approximately -50 dBm indicates the need to replace the 
A2A4 Output and/or A2A5 Attenuator/ RPP assembly. 
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Failing this test at lower levels probably indicates a leak-around problem with the 
Attenuator. Check for loose connectors, loose screws, improper gasketing, or a broken 
feed-through filter. 




MAINTENANCE 

PERFORMANCE TESTS 










I 



It is convenient to use the OUT RF ON/OFF control when zeroing the power meter 
function of the Measuring Receiver, 

PROCEDURE 

a. Connect the UUT 10 MHz OUT to the 10 MHz timebase input of the Measuring 
Receiver. 

b. Set the UUT REF INT/EXT switch to INT. 

c. Program the UUT to [RCL] [9][8], and then program the UUT to 0.4 MHz, +1 1 
dBm and program the Amplitude Step to 6 dB. 

d. Calibrate the Measuring Receiver and connect it to the UUT RF OUTPUT, 

e. Verify that the level measured with the Measuring Receiver agrees with the 
UUT programmed level to within ±1.0 dB, as the UUT level is stepped down 
from +11 dbm to -127 dBm in six dB steps at each of the following frequencies; 

0.4 MHz, 120 MHz, 244 MHz, 245 MHz, 850 MHz, and 1050 MHz. 

4A-9. OUTPUT LEAKAGE TEST 

The output signal leakage is verified with a two-turn loop by measuring the induced signal 
with a spectrum analyzer and comparing it to a 1 juV reference established at each 
frequency from the UUT. 

REQUIREMENT 

The radiated emissions induce less than 1 juV of the Generator’s output signal into a 1- 
inch diameter, two-turn loop, 1 inch away from any surface of the Generator as measured 
into a 50-ohm receiver. 

TEST EQUIPMENT 

Wideband Amplifier 
RF Spectrum Analyzer 
Two-Turn Loop 
Type-N Termination 

A screen room may be required depending on the RF environment. 

REMARKS 

Failing this test probably indicates a broken feed-through filter or improper mechanical 
assembly, i.e.; loose screws and/or damaged or misplaced gaskets. 

PROCEDURE 

a. Connect the UUT RF OUTPUT to the Wideband Amplifier input, and connect 
the Amplifier output to the Spectrum Analyzer input. Use well shielded cables 
to avoid leakage which could affect the measurement. 




b. Program the UUT to the Instrument Preset State, [RCL] [9][8]. 

c. Program the UUT to -107 dBm. 
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d. Adjust the Spectrum Analyzer to display the UUT signal for a convenient 
reference, using a vertical scale of 10 dB/ division, a resolution bandwidth of 3 
kHz, and a span/division of 5 kHz/division, 

e. Disconnect the Amplifier from UUT and terminate UUT OUTPUT withtype-N 
Termination, 

f. Connect the two-turn loop to the Amplifier input. 

g. Program the UUT to +13 dBm, 

h. Verify that the leakage is less than -107dBm (1 //V), as indicated by the 
Spectrum Analyzer by moving the two-turn loop over the UUT surface at a 
distance of 1 inch. 

i. Repeat steps c through h at 550, 850, and 1050 MHz. 

4A-10. ALTERNATE OUTPUT LEAKAGE TEST 

RF leakage is verified by measuring the induced signal in a two-turn loop with the 
Measuring Receiver. 

REQUIREMENTS 

The output signal leakage must induce less than I into a l-inch diameter two-turn 
loop, 1 inch away from any surface of the generator as measured into a 50-ohm receiver. 

TEST EQUIPMENT 

Measuring Receiver 
Two-Turn Loop 
Type-N Termination 

A screen room may be required depending on the RF environment. 

REMARKS 

This test is an alternative to the Output Leakage test. 

Failing this test indicates a problem feed-through filter or improper mechanical 
assembly, i.e., loose screws, and/or damaged or misplaced gaskets. 

The Measuring Receiver is used to measure the UUT leakage relative to a 1 ;iV reference 
established at each frequency. 

PROCEDURE 

a. Connect the UUT 10 MHz OUT to the lO-MHz timebase input of the 
Measuring Receiver. 

b. Set the UUT REF INT/EXT switch to INT. 

c. Program the UUT to the Instrument Preset State, [RCL] [98]. 

d. Program the UUT to -107 dBm. 

e. Connect the Measuring Receiver sensor to the UUT RF OUTPUT. 
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f. Set the Measuring Receiver to make relative level measurements to the -107 
dBm signal applied. 

g. Disconnect the sensor from the OUT, and terminate the UUT RF OUTPUT 
with the Type-N Termination. 

h. Connect the two-turn loop to the Measuring Receiver sensor, 

i. Program the UUT to +13 dBm. 

j. Verify the instrument leakage is less than -107 dBm (1 fxV) as indicated by the 
Measuring Receiver by moving the Two-Turn Loop over the UUT surface at a 
distance of one inch from the UUT. 

k. Repeat steps d through j at 550 MHz, 850 MHz, and 1050 MHz. 

4A-11. HARMONIC AND SPURIOUS TEST 

Using a spectrum Analyzer, the level of the harmonic and spurious signals are compared 
to the desired signal at various programmed frequencies. 

REQUIREMENTS 

RF harmonics <-30 dBc; spurious (non-harmonic) <-60 dBc for offsets >10 kHz, 
frequency > OJMHz. 

TEST EQUIPMENT 
RF Spectrum Analyzer 
PROCEDURE 

a. Connect the UUT RF OUTPUT to the Spectrum Analyzer input. 

b. Program the UUT to [RCL] [9][8]. Then program the Generator to +13 dBm. 

c. program the UUT to 0.4 MHz. 

d. Set the Spectrum Analyzer controls to display the UUT output signal and its 
harmonics (at least three harmonics wherever possible). Be careful not to 
overload the Analyzer input. Overloading the Analyzer causes it to generate 
harmonics, thus invalidating the test. 

e. Verify that all the harmonics are more than 30 dB below the fundamental signal. 

f. Repeat steps c through e for UUT frequencies of 50 MHz, 240 MHz, 300 MHz, 
500 MHz, and 750 MHz. 

g. Program the UUT to 185 MHz. 

h. Verify the spur at 245 MHz is < -60 dBc. 

i. Program the UUT to 244 MHz. 

j. Verify the spur at 312 MHz is < -60 dBc. 

k. Program the UUT to 244.99 MHz, 0 dBm. 
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1, Set the Spectrum Analyzer controls for the appropriate reference level, center 
frequency, span, and resolution to display the UUT signals and spurs 
frequencies with appropriate noise floor and signal resolution for the following 
steps. 

1 . Verify the spurs at the offsets of 20 kHz, 30 kHz, 35 kHz, and 40 kHz are < 
-60 dBc. 

2. Verify the spurs at the offsets of 1 MHz and 10 MHz are < -60 dBc. 

3. Program the UUT level to 1 dBm with the EXT AM on at 30% modulation 
(no external modulation input is applied). 

4. Verify the spurs at 10 MHz, 20 MHz, and 30 MHz are < -60 dBc. 

5. Verify the spurs at 800 MHz, and 1044.99 MHz are < -60 dBc. 

6. Program the UUT to 600 MHz, 0 dBm, EXT AM modulation off. 

7. Verify the spur at 300 MHz is < -60 dBc. 

4A-12. MODULATION TESTS 

These tests use the Modulation Analyzer to verify modulation accuracy and residual and 
incidental modulation of the UUT. The modulation distortion is verified by measuring 
the demodulated output of the Modulation Analyzer with a Distortion Analyzer. The 
internal modulation oscillator frequency is measured using the Frequency Counter on the 
demodulated output of the Modulation Analyzer. Table 4A-2 lists the requirements for 
the modulation tests. 

REMARKS 

Failing this performance test indicates the need for repair and/or recalibration of the 
associated circuitry. 

Where residual noise affects the Modulation Analyzer measurements accuracy, apply 
correction methods provided by the Modulation Analyzer manufacturer. 



Table 4A-2. Modulation Tests Requirements 



REQUIREMENTS 

PARAMETER 


SPECIFICATION 


HOP FRER 


<iZX at 0.4 or 1 kHz for 20 to 505'='C; add 
l0.ix/5®c outside this range. 


AM ACCURACY 


of setting) for internal, rates end depths of 
99X or Less, and peak amplitudes of +13 dSn or less. 


AM DISTORTION 


<1.5% THD up to 3GK AM, to 70X, <5X to 90X, at internal 

rates. <3% to 70X AN, to 90X AM frequency > 950 MHz, 

level > dbn. 


RESIPUAL AM 


<0.tX nas <-£0 dec) in a O.OS-kKz to 15~kMz bandwidth. 


INCIDENTAL FM 


<0.3 fii for internal rates and <3Ctt AM, 


FN ACCURACY 


<17X for rates of 0.3 kHz to 20 kHz. and >100 Hz deviation. 


FN DISTORTION 


<11 THD for rates of 0.3 kHz to 20 kHz, and >100 Hz deviation. 


RESIDUAL FM 


ms In a 0.3~kHz to 3-kKz band: 




<10 Hz for 245 MHz to S12 MHt and <20 Hz elsewhere. 




ms in a D.OS-kHz to 15-kHz band: 




<22 Hz for 24S MHz to S12 MH* and <40 Hz elsewhere. 


INCIDENTAL AH 


<1X AH at 1“kHz rate and for deviation <50 kHz. 



I 



E 





E 
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The UUT settings in this procedure are chosen to provide a strong confidence of the 
modulation performance of the UUT throughout its range. However, performance also 
may be checked at other instrument settings if desired. 

The FM deviation accuracy depends upon software correction data stored in the VCO 
Calibration EPROM that is derived from the measured data of the particular VCO 
assembly installed in the Generator. 

TEST EQUIPMENT 

Modulation Analyzer 
Distortion Analyzer 
Frequency Counter 

Low-Frequency Synthesized Signal Generator (LFSSG) 

DVM 

PROCEDURE 

1. Internal Modulation Oscillator Frequency Test 

a. Connect the UUT RF OUTPUT to the Modulation Analyzer input, 

b. Connect the Modulation Analyzer modulation output to the Frequency 
Counter input. 

c. Program the Modulation Analyzer to measure AM depth in a 0.05-kHz to 
15-kHz bandwidth. 

d. Program the UUT to [RCL] [9][8]. Program the UUT for 90% INT AM at a 
1-kHz rate and a level of +1 dBm. 

e. Verify that the Counter reads between 970 and 1030 kHz. 

f. Program that the UUT to a modulation frequency of 400 Hz. 

g. Verify the Counter reads between 388 Hz and 412 Hz. 

2. Internal AM Accuracy Test 

a. Measure the mean AM depth, (+PEAK plus -PEAK)/2, with the 
Modulation Analyzer. 

b. Verify that the mean AM depth is between 84.4% and 95.6%. 

c. Program the UUT to a modulation frequency of 1 kHz. 

d. Verify that the mean AM depth is between 84.4% and 95.6%. 

3. AM Accuracy and Distortion Test 

a. Connect the output of the LFSSG to the UUT MOD INPUT and the DVM 
(use a BNC T connector). 

b. Program the U UT for a frequency of 0.4 M Hz, 1 d Bm level, and EXT A M at 
30% AM depth. 
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c. Program the LFSSG for 1 kHz at 0.7071V rms as measured by the DVM. 

d. Connect the modulation output of the Modulation Analyzer to the input of 
the Distortion Analyzer. 

e. Set the Distortion Analyzer to measure the THD of the 1-kHz modulation 
signal. 

f. Verify that the mean AM depth (+PEAK. plus -PEAK)/2, is between 26.8% 
and 33.2%. 

g. Verify that the THD is less than 1.5%. 

h. Program the remaining combinations of RF frequency, 'level, and AM 
depth listed in Table 4A-3. For each combination, verify that the mean AM 
depth is between the allowed limits and that the THD is less than the allowed 
limit, which depends on programmed depth, as shown in Table 4A-4: 

i. Disconnect the LFSSG from the UUT. 

4. Incidental FM Test 

a. Program the UUT for 30% INT AM at 1 kHz, at 1050 MHz, and 10 dBm. 

b. Program the Modulation Analyzer to measure peak FM deviation in a 0.3- 
to 3-kHz bandwidth. 

c. Verify the incidental FM is less than 300 Hz. 

NOTE 

It may be necessary to compensate for residual noise effects using the 

procedure presented in the Modulation Analyzer manual. 

5. Residual AM Test 

a. Program the UUT to 100 MHz, +7 dBm, and no modulation. 

b. Program the Modulation Analyzer to measure rms (or average) AM in a 
0.05-kHz to 15-kHz bandwidth. 

c. Verify the residual AM is less than 0.1% rms (or 0.09% average). 

6. FM Accuracy and Distortion Test 

a. Connect the output of the LFSSG to the U UT MOD INPUT connector and 
the DVM (use a BNC T connector). 

b. Program the Modulation Analyzer to measure peak FM in a 0.05-kHz to 
20-kHz bandwidth, 

c. Program the UUT frequency to 245 MHz, 7 dBm, 99.9 kHz (9.99 kHz if the 
Generator has Option -651) deviation, and EXT FM. 

d. Set the LFSSG to 10 kHz and adjust its level so the DVM reads 707. 1 mV 
rms. 




i 
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Table 4A-3. AM Teat Conditlona 



FREQUENCY 

CNHz) 


LEVEL 

<dem) 


AM 

(X) 


0.4 


1 


30 






70 






90 




7 


30 






70 






90 


244,9 


1 


70 






90 




7 


70 






90 


245 


1 


70 






90 




7 


70 






90 


512 


1 


70 






90 




7 


70 






90 


1050 


1 


70 






90 




7 


70 






90 



Table 4A-4i AM Depth Range 



PROGRAMMED 
DEPTH (X) 


MEAN 

MIN. 


AM DEPTH(X) 
MAX. 


MAXIMUM 

THDCX) 


30 


26.8 


33.2 


1.5 


70 


65.2 


74.8 


3 


90 


84.4 


95 .6 


5 




e. Set the Distortion Analyzer to measure distortion at 10 kHz. 

f. Verify that the Modulation Analyzer reading is between 93 kHz to 107 kHz, 
(9.99 kHz if the Generator has Option -651 installed) and the THD is less 
than 1 % as the UUT frequency is stepped up to 1045 MHz in 50-MHz steps. 
(Tip: use the instrument FREQ STEP feature.) 

g. Set the LFSSG to 0.4 kHz and adjust its level so the D VM reads 707. 1 mV 
rms. 

h. Program the Modulation Analyzer to measure FM in a 0.05-kHz to 3-kHz 
bandwidth. 

i. Set the Distortion Analyzer to measure distortion at 0.4 kHz. 

j. Verify that the Modulation Analyzer reading is between 93 kHz to 107 kHz 
(9.99 kHz if the Generator has Option -651 installed), and the THD is less 
than 1% as the UUT frequency is stepped down to 245 MHz in 50-MHz 
steps. 
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1 



k. Program the UUT to 9.99 kHz deviation. (Skip to step m if the UUT has 
Option -651 installed.) 

l. Verify that the Modulation Analyzer reading is between 9.3 kHz and 10.7 
kHz. 

m. Program the UUT to 0.999 kHz deviation. 

n. Verify that the Modulation Analyzer reading is between 0,93 kHz and 1 .07 
kHz. 

NOTE 

It may he necessary lo compensate for residual noise effects using the 
procedure presented in the Modulation Analyzer manual. 

0 . Disconnect the LFSSG from the UUT. 



7. Incidental AM Test 

a. Program the UUT for 50-kHz deviation, INT FM only, at 1 kHz, a level of 7 
dBm and a frequency of 11 MHz. 

b. Program the Modulation Analyzer to measure peak AM in a0.3-kHz to 3- 
kHz bandwidth. 

c. Verify that the incidental AM is less than 1%. 

8. Residual FM Test 

a. Program the UUT for a frequency of 4 MHz and no modulation, 

b. Program the Modulation Analyzer to measure rms (or average) FM in 0.3- 
kHz to 3-kHz bandwidth. 

c. Verify that the Modulation Analyzer reading is less than 20-Hz rms (or 
18-Hz average) at the following UUT frequencies: 

10, 50, 100, 200, and 244 MHz 

d. Verify that the Modulation Analyzer reading is less than lO-Hz rms (or 
9-Hz average) at the following UUT frequencies: 

250, 385, 450, and 510 MHz 

e. Verify that the Modulation Analyzer reading is less than 20-Hz rms (or 
I8-Hz average) at the following UUT frequencies: 

512.03999, 750.03999, 850.03999, 900.03999, 950.03999, 1000.03999, 

1025.03999, and 1049.03999 MHz 
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f. Change the Modulation Analyzer bandwidth from 0.05 kHz to 15 kHz. 
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g. Verify that the Modulation Analyzer reading is less than 44-Hz rms (or 
40-Hz average) at the UUT frequencies listed in step e. 

h» Verify that the Modulation Analyzer reading is less than 22-Hz rms (or 
20-Hz average) at the UUT frequencies listed in step d. 

i. Verify that the Modulation Analyzer reading is less than 44-Hz rms (or 
40-Hz average) at the UUT frequencies listed in step c. 

4A-13. SWR TESTS 

These tests use a VSWR bridge and a Spectrum Analyzer to verify SWR of the UUT. 
REQUIREMENTS 

The output VSWR is less than 1.5:1 for output levels < +ldBm; < 2.0 elsewhere. 
TEST EQUIPMENT REQUIRED 

SWR bridge (Wiltron 62N50 or equivalent) High-Frequency Spectrum Analyzer 
HFSSG (Fluke 6060B or equivalent) 

REMARKS 

The UUT settings in this procedure are chosen to provide confidence in the SWR 
performance of the UUT throughout its range. However, performance also may be 
checked at other levels <-10 dBm. 

PROCEDURE 

a. Connect the HFSSG to the VSWR Bridge RF IN. 

b. Connect the Spectrum Analyzer to the VSWR Bridge RF OUT. 

c. Connect the UUT to the VSWR Device Under Test. 

d. Program UUT to 1 MHz, +ldBm. 

e. Program the HFSSG to 10 MHz, 13 dBm. 

f. Set the Spectrum Analyzer controls to display approximately 10 to 520 MHz. 
Set Reference Level to +10 dBm. 

g. Step HFSSG from 10 MHz to 1050 MHz in 5 MHz-steps and note frequency 
and level where the level is a maximum. 

h. Program HFSSG to the frequency found in step g. 

i. Disconnect UUT from VSWR bridge. 

j. Note Spectrum Analyzer level. 

k. The difference between the levels in steps i and g should be greater than 18 dB. 

l. Repeat step e through k with UUT set to IMHz, +13dBm. 

m. The difference between levels in step i and g should be greater than 9.5dB. 
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Section 4B 

Access Procedures 




4B-1. INTRODUCTION . . .w „ 

The information in this section describes the general access procedures lor the loUowing 

major module assemblies. 

Front Section Assembly, A1 
Rear Section Assembly, A3 
Synthesizer Board, A2A1 
Output Board, A2A4 
Attenuator/ RPP Assembly, A2A5 
VCO Board, A2A2 



Access to other assemblies is straightforward; and therefore, other assemblies are not 
detailed in this manual. 

4B-2. LOCATION OF MAJOR ASSEMBLIES 

The location of the major assemblies of the Signal Generator is illustrated in Section 8. 



Information on exchanging modules is presented in Section 4D. 

4B-3. ACCESS INSTRUCTIONS ^ . 

Access instructions for each module of the Signal Generator are provided in the tollowmg 
paragraphs. Before performing any disassembly of the Signal Generator, remove the 
power cord from the rear panel power receptacle and remove the exterior top and bottom 
instrument covers. 

To install the assemblies, reverse the disassembly steps. Be certain the pin connectors and 
filter sockets aie straight when replacing the boards. 

4B-4. Removing the Front Section Assembly, A1 

1. Disconnect the MOD INPUT wire W1 at the module connector located at the 
front of the Attenuator module. 

2. Disconnect the front panel display ribbon cable at the controller. 

3. Remove the decals from both front panel handles. Removing the decals ruins 
them; new decals should be installed to maintain a proper instrument 
appearance. 

The part number for the decal is listed in Section 5. 

4. Remove the five flathead screws from each front panel handle. 
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4B-5. Removing the Rear Section Assembly, A3 

1, Disconnect the Synthesizer, Controller, and Attenuator power cable at the 
power supply. 

2, If the High-Stability Reference option is installed, disconnect the oscillator 
power cable from the Auxiliary power supply 

3, Remove the IEEE^88 Interface assembly (if present) from the back of the 
instrument rear panel. 



4. Remove the inside part of the 10 M Hz. OUT and the REF IN BNC connectors. 



5. Remove the decals for both rear panel handles. Removing the decals ruins them; 
replace with new decals to maintain a proper instrument appearance The part 
number for the decal is listed in Section 5. 

6. Remove the five flathead screws from each handle and swing the rear panel 
assembly out from the Signal Generator. 

7. If you need to completely detach the rear panel assembly from the Generator 

unfasten the front panel power switch. * 

4B-6. Removing the Synthesizer Board, A2A1 

1 . Remove the number 6 screws holding the top module (A2) cover, (The number 
10 screws are adjustment access screws and need not be removed,) Remove the 
module cover. 

2. Remove the number 6 screws holding the board, and then carefully remove the 
board, 

4B-7. Removing the Output Board, A2A4 

1. Remove the number 6 screws holding the bottom module (Al) cover. (The 
number 10 screws are adjustment-access screws and need not be removed,) 
Remove the module cover. 

2. Remove the plug-in coupling capacitor between the Output and the VCO 
boards. 



3, Remove the number 6 screws holding the board, and then carefully remove the 
board. 

4B-8. Removing the Attenuator/RPP A2A5 Assembly 

1 . Disconnect the SM A connector at the Attenuator that leads to the RF output. 

2. Disconnect the control harness from the Relay Driver PCA, 

4B-9. Removing the VCO Board, A2A1 

I. Remove the number 6 screws holding the bottom module (A) cover. (The 
number 10 screws are adjustment-access screws and need not be removed.) 
Remove the cover. 
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2 . Remove the plug-in capacitor that couples the Output board to the VCO, 

3. Remove the number 6 screws holding the assembly, and remove the board. 
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Section 4C 

Calibration Adjustments 



4C-1. INTRODUCTION 

The adjustment procedures for the Generator are described in the following paragraphs. 
The recommended test equipment for calibration is denoted by an A in Table 4A-I. 

Adjustment procedures for the Power Supply, Display, Output, Synthesizer, and 
Attenuator/ RPP assemblies are covered in this section. Adjustment procedures for the 
High-Stability Reference, Medium-Stability Reference, and Low-Rate FM options are 
given in Section 6. 

4C-2. SAFETY 

This is a Safety Class 1 instrument. It is provided with a protective earth terminal. 
Warnings and cautions are for your protection and to avoid damage to the equipment. 
Please take them seriously. 

WARNING 

BECAUSE SOME SERVICE PROCEDURES DESCRIBED HERE ARE DONE 
WITH POWER APPLIED TO THE SIGNAL GENERATOR AND WITH 
PROTECTIVE COVERS REMOVED, SERVICE SHOULD BE DONE ONLY BY 
TRAINED SERVICE PERSONNEL WHO UNDERSTAND THE HAZARDS 
INVOLVED. WHERE SERVICE CAN BE PERFORMED WITHOUT POWER 
APPLIED, THE SIGNAL GENERATOR SHOULD BE UNPLUGGED FROM 
THE LINE POWER. 



DO NOT INTERRUPT THE PROTECTIVE GROUNDING CONNECTION. TO 
DO SO WOULD CREATE A POTENTIAL SHOCK HAZARD THAT COULD 
RESULT IN PERSONAL INJURY. SECURE THE INSTRUMENT AGAINST 
UNINTENDED OPERATION IF IT IS LIKELY THAT THIS PROTECTION HAS 
BEEN IMPAIRED. USE ONLY 250V FUSES OF THE PROPER CURRENT 
RATING. 



CAUTION 



To avoid damage to the Generator, unplug the Instrument before removing any 
Printed Circuit Assembly. 



4C-3. POWER SUPPLY, A3A1, ADJUSTMENT 

This procedure covers the +37V adjustment, R3, on the Power Supply assembly, A3A1. 
This is the only adjustment on the Power Supply PCB. 
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1 




TEST EQUIPMENT 1 


II 

1 




DMM 


i 




REMARKS I 


I 




This adjustment is accessible through a hole in the bottom lip of the rear panel. 


r' 




Sec Figure 4C-I for the location of the power supply test points. 


E 




PROCEDURE 


11 




R3 is adjusted for +37V as measured at TPS. 


1 




1. Remove the UUT top and bottom instrument covers. Connect the DMM to TP5 
with the ground lead (black wire) connected to the power distribution 
connection point on the module plate. 


1 




2. Program the UUT to [RCL] [9][8]. 


E 




3. Adjust R3 for a DMM reading of +37.00 ± 0.05V. 


Bo 




4. Verify the other supply voltages at the test points listed in the following: 


I 




TP Voltage Limits 


1 




11 14.5 to 15.7 

3 14.5 to 15.7 

2 -14.5 to -15.7 

4 4.85 to 5.20 

1 17.4 to 22.6 


1 

E 




NOTE 


E 




The voltage at TPl depends on the line voltage. The limits shown are for a line 
voltage exactly equal to the line voltage selector setting, i.e., 100, 120, 220, or 
240 V ac. 


E 




5. Remove the test leads, and reinstall the top and bottom instrument covers. 


I 




4C-4. DISPLAY ASSEMBLY, A1A1, ADJUSTMENT PROCEDURE 

This procedure covers the adjustment of R16, the external modulation level indicator 
adjustment. 


i 

1 




TEST EQUIPMENT 


■ii 




DVM 


1 




REMARKS 


i 




This adjustment is independent of other adjustments and assumes proper circuit 
operation. 


1 




Adjustment R16 is located below TPl on the rear of the Display PCA, just above the 
POWER switch. 


E 
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PROCEDURE 

Adjust R16 for 0.98V at TPl. 

i. Gain access to the rear of the Display PCA by removing the top instrument 



2. Connect the DVM to measure the dc voltage at TPl relative to the chassis. 

3. Adjust R 16 for +0,9800 ± -0005V dc. 

4C-5. OUTPUT ASSEMBLY, A2A4, ADJUSTMENT 

This procedure covers all of the adjustments on the A2A4 Output PCA, as follows: 

1. R309, LEVEL D AC offset 

2. R419, modulation oscillator level 

3. R 1 44, linearizer detector offset 

4. R421, AM depth 

5. R31LRF level 

6. R227, Het level 

These adjustments, as well as TP7, are accessible by removing the seven number 10 access 
screws in the module cover. Refer to Figure 4C-2 to identify the access screw 
corresponding to a particular adjustment. 

Any adjustment can be made independently unless it is noted that it interacts with 
another adjustment. Interdependent adjustments must be done in the sequence 
presented. If more than one adjustment is necessary, do them in the sequence presented. 

1. Level DAC Offset Adjustment 

TEST EQUIPMENT 

DVM 

REMARKS 

This adjustment is normally required only when U302 or any associated components are 
replaced or when the adjustment has been changed or has shifted. 

CAUTION 

This adjustment directly affects the output level and should not be adjusted 
Indiscriminately. 

PROCEDURE 

The LEVEL DAC Offset, R309, is adjusted for 0 ± 0.5 mV at TP7 with the RF OUTPUT 
turned OFF. 

a. Gain access by removing the bottom instrument cover and removing the 
access screws for TP7 and R309. 

b. Program the UUT to [RCL] [9][8], and program the RF OUTPUT to OFF. 

c. Connect the DVM to measure the voltage between TP7 and the power 
distribution connection point on the module plate. 
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d. Adjust R309 for an indication of +0 mV ± 0.5 mV. 

e. Program the UUT RF OUTPUT to ON. 

f. Replace the access screws. 

2. Modulation Oscillator Level Adjustment 

This adjustment sets the modulation oscillator level. 

TEST EQUIPMENT 

Modulation Analyzer 
DVM 

Low Frequency Synthesized Signal Generator (LFSSG) 

REMARKS 

The modulation oscillator adjustment is normally required only when components in the 
modulation oscillator or modulation switching circuits have been replaced or the 
adjustment has been changed or has shifted. 

PROCEDURE 

The AM depth, with internal modulation, is adjusted via R419 to equal the AM depth 
with a 1-volt peak external modulation signal as measured with the Modulation 
Analyzer. 

a. Gain access to the access screws for R419 by removing the bottom 
instrument cover and the access screws for R419. 

b. Connect the output of the LFSSG to the UUT MOD IN connector and the 
DVM using a BNC tee. 

c. Program the UUT to RCL98, then program the UUT to 350 MHz, 7 dBm, 
and EXT AM at 90% AM depth. 

d. Program the LFSSG for 1 kHz and a voltage of0.7071V rms, as measured 
by the DVM. 

e. Connect the UUT RF OUTPUT connector to the Modulation Analyzer RF 
input. 

f. Program the Modulation Analyzer to measure + Peak AM in a 0.3-kHz to 
15-kHz bandwidth. 

g. Note the measured AM depth reading with the Modulation Analyzer. 

h. Turn off the UUT EXT AM control and turn on the INT AM control. 

i. Program the UUT for 1000-Hz modulation frequency. 

j. Adjust R419 for an AM depth equal to that noted in step g. 

k. Turn off the UUT INT AM control. 



f 
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1. Replace the access screw. 

3, Detector Offset Adjustment 

This adjustment sets the detector offset voltage. 

TEST EQUIPMENT 
Power Meter and Sensor 
REMARKS 

The UUT must be operated at room temperature for at least one hour with the module 
plate cover in place before continuing with this adjustment procedure. 

This adjustment is normally required only when components in the detector or detector 
linearizer circuits have been replaced or when the adjustment has been changed or has 
shifted. If the Detector Offset is adjusted, perform the AM Depth adjustment. 



CAUTION 

This adjustment directly affects the output level and should not be adjusted 
indiscriminately. 



PROCEDURE 

The Detector Offset adjustment, R144, is adjusted to provide a 20-dB change in output 
power for a 20-dB change in the LEVEL DAC with level correction disabled, and while 
operating in fixed range. 

a. Gain access for this adjustment by removing the instrument bottom cover. 

b. Program the UUT to [RCL] [9][8], then program the UUT to 350 MHz and 
12 dBm. 

c. Program the UUT to [SPCL] [8][1] and [SPCL] [9][1]. These special 
functions disable all level correction and enable amplitude fixed-range. 

d. Remove the Detector Offset adjustment access screw from the bottom 
module plate cover. 

e. Zero the Power Meter. 

f. Connect the Power Sensor to the UUT RF OUTPUT connector. 

g. Program the UUT to +12 dBm. 

h. Note the Power Meter reading. 

i. Program the UUT for -8 dBm, using the EDIT keys. 

j. Adjust the Detector Offset adjustment, R 144, for a Power Meter reading 20 
dB ±0.1 dB below the reading obtained in step h. 
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k. Repeat the previous four steps until the difference between the power 
measurements is 20 ±0.1 dBm. This adjustment should require three or 
fewer iterations. 

Program the U UT to +1 2 dBm, using the EDIT keys. Note the Power Meter 
reading. 

l. Program the UUT for +2 dBm using the EDIT keys. Verify that the Power 
Meter reading is 10 dB ±.2 dB below the previous reading. 

m. Program the UUT for [SPCL] [0][0]. This enables amplitude level 
correction and disables amplitude fixed range. 

n. Disconnect the Power Sensor from the UUT, and replace the Detector 
Offset adjustment access screw. 

4. AM Depth Adjustment 

TEST EQUIPMENT 

DVM 

Modulation Analyzer' LFSSG 
REMARKS 

The UUT must be operated at room temperature for at least one hour with the module 
plate covers in place before continuing with this adjustment procedure. 

CAUTION 

This adjustment directly affects the output level and should not be adjusted 
Indiscriminately. 

This adjustment is normally required only when components in the AM signal processing 
circuits have been replaced, or the adjustment has been changed or shifted. If this 
adjustment is made, it is necessary to perform the RF level adjustment after the AM depth 
adjustment has been made. 

PROCEDURE 

Adjust the AM depth potentiometer R421 for 90% AM depth as measured with the 
Modulation Analyzer when the UUT is programmed to 90% AM. 

a. Remove the AM depth adjustment access screw from the bottom module 
plate cover. 

b. Connect the output of the LFSSG to the UUT MOD IN connector and to 
the DVM using a BNC Tee. 

c. Program the UUT to[RCL][9][8],then program the UUT for 350 MHz, + 1 
dBm, and EXT AM at 90% AM depth. 




I 



I 



I 
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d. Program the LFSSG for 1 kHz and a voltage of 0.7071 rms, as measured by 
the DVM. 
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e. Connect the UUT RF OUTPUT connector to the Modulation Analyzer 
input. 

f. Program the Modulation Analyzer to measure AM + Peak, in a 0.05-kHz to 
15-kHz bandwidth, 

g. Alternately measure + PEAK and - PEAK and adjust the AM Depth 
Adjustment, R421, until the readings are symmetrical, about 90%. 

h. Replace the AM Depth adjustment access screw. 

5. RF Level Adjustment 

TEST EQUIPMENT 
Power Meter and Sensor 
REMARKS 

The UUt must be operated at room temperature for at least one hour with the module 
plate covers in place before continuing with this adjustment procedure. 

This adjustment is required if any of the following events occur: 

The Output Assembly, A2A4, or the Attenuator, A2A5 has been replaced. 

The AM Depth adjustment is made. 

The LEVEL DAC or any associated components are replaced. 

The RF level adjustment has been inadvertently changed or shifted. 

CAUTION 

Thia adjuatment directly affects the output level and should not be adjusted 
Indiscriminately. 

PROCEDURE 

With the UUT programmed to +9 dBm, adjust the RF Level Adjustment, R31 1, for +9- 
dBm output as measured with the Power Meter. 

a. Program the UUT to [RCL] [9][8], then program the UUT to 350 MHz, +9 
dBm, and turn all modulation OFF. 

b. Zero the Power Meter. 

c. Remove the RF Level Adjustment access screw from the bottom module 
plate cover. 

d. Connect the Power Sensor to the UUT RF connector. 




e. Adjust RF Level Adjustment, R3 U , for a reading of exactly +9 dBm on the 
Power Meter. 
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f. Replace the RF Level Adjustment access screw. 
6. HET Level Adjustment 



TEST EQUIPMENT 



Power Meter and Sensor 



REMARKS 



The UUT must be operated at room temperature for at least one hour with the module 
plate covers in place before continuing with this adjustment procedure. 

This adjustment is normally required only when components in the het band circuits have 
been replaced or when the adjustment has been changed or has shifted. 

CAUTION 

This adjustment directly affects the output level and should not be adjusted 
indiscriminately. 

PROCEDURE 

With the UUT programmed to +9 dBm, adjust the Het Level Adjustment, R227, for 
equal output power at 100 MHz and 350 MHz. 

a. Program the UUT to[RCL][9][8], then program the UUT to 350 MHz and 
+9 dBm. 

b. Zero the Power Meter. 

c. Remove the het level adjustment access screw from the bottom module plate 



d. Connect the Power Sensor to the UUT RF OUTPUT connector. Note the 
Power Meter reading. 

e. Program the UUT to 100 MHz. 



f. Adjust Het Level Adjustment, R227, for a reading equal to that previously 
noted. 

g. Replace the HET level adjustment access screw. 



4C-6. SYNTHESIZER ASSEMBLY, A2A1 ADJUSTMENT 

The following are the routine adjustments for the Synthesizer assembly, A2A1 

1. R230 10-MHz Adjustment 



2. R82 FM Cal Adjustment 

R90 Low-Rate Deviation Adjustment 
R87 FM Flatness Adjustment 
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The following only need adjustment if the associated circuits are repaired. 

3. L49 20-kHz Notch Filter Adjustment 
L50 40-kHz Notch Filter Adjustment 

4. R 104 VCO Upper Clamp Adjustment 

5. C206 SOO-MHz Oscillator Adjustment 

6. C240 10-MHz Lock-Range Centering adjustment 

Each of the following adjustment procedures is independent; that is, they can be done 
individually or in any sequence. Figure 4C-3 shows the top view of the module plate. 

1. Reference Frequency Adjustment, R230 

TEST EQUIPMENT 

Frequency Standard 
Oscilloscope 

REMARKS 

The accuracy of this adjustment depends on that of the frequency standard. 

The Signal Generator may be equipped with either Option -130 High-Stability 
Reference, or Option -132 Medium-Stability Reference. The frequency reference 
operation and adjustment procedure depend on this configuration. That is, the 
instrument reference may be the 10-MHz crystal oscillator, the High-Stability Ref- 
erence, the Medium-Stability Reference or an external signal. 

Skip this procedure if the UUT is equipped with the High-Stability Reference, or 
Medium-Stability Reference and use the adjustment procedures in Section 6 of this 
manual. Also perform the Sub-Harmonic Reference Adjustment described on page 
4C-15 of this manual. 

PROCEDURE 

The UUT reference waveform is viewed on the Oscilloscope while triggering on the 
Frequency Standard. The 10-MHz adjustment, R230, is adjusted for a stationary 
display. 

a. Remove the instrument top cover and the 10-MHz adjustment R230 access 
screw from the module plate cover. 

b. Connect the UUT rear panel 10 MHz OUT to the Oscilloscope vertical 
input. 

c. Connect the Frequency Standard output to the Oscilloscope external trigger 
input. 

d. Set the UUT rear panel REF INT/ EXT switch to INT, and set the vertical 
controls of the Oscilloscope to display the UUT 10-MHz signal, 

e. Set the Oscilloscope for external triggering, and adjust the timebase for 0. 1 
us/div. 

f. Adjust R230 for a drift of less than one cycle per second. 
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Figure 4C-3. Module Plate, Top View 
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2. FM Adjustments, R82, R90, AND R87 

TEST EQUIPMENT 

Modulation Analyzer 

LFSSG 

DVM 

REMARKS 

The FM Cal adjustment, R82, sets the overall deviation accuracy, whereas the Low-Rate 
Deviation Adjustment, R90, equalizes the low and high rate deviation. The FM Flatness 
Adjustment, R87, equalizes the deviation across the band from 0.4 to 10 kHz. 

PROCEDURE 

The FM deviation of the U UT, as measured with the Modulation Analyzer, is adjusted to 
agree with the programmed deviation at 10-kHz and 0.4-kHz rates by adjusting R82, 
R90, and R87, respectively. 

a. Remove the instrument cover and the FM CAL, FM flatness, and Low- 
Rate Deviation adjustment access screws from the cover of the module 
plate. 

b. Connect the output of the LFSSG to the UUT MOD IN connector and to 
the DVM' using a BNC tee. 

c. Connect the UUT RF OUTPUT to the Modulation Analyzer input. 

d. Program the M odulation Analyzer to measure FM + peak in a 0.05-kHz to 
> 200-kHz bandwidth. 

e. Program the UUT to the [RCL] [9][8]. Then program the UUT to 3S5.5- 
MHz, 7 dBm, EXT FM, 99.9-kHz deviation. 

f. Program the LFSSG to 1 0 kHz and 0.707 1 V rms as measured by the DVM. 

g. Adjust R82 for 100.0 kHz, as measured by the Modulation Analyzer. 

h. Program the LFSSG to 0.4 kHz and 0.7071V rms, as measured by the 
DVM. 

i. Adjust R90, the low-rate deviation for 100.0 kHz, as measured on the 
Modulation Analyzer. 

j. Program the LFSSG to 1 kHz, and adjust R87 for 100.0 kHz as measured on 
the Modulation Analyzer. 

k. Repeat steps f through j until the deviation flatness is 100.0 kHz ± 0.3 kHz. 

l. Turn the UUT EXT FM off, and note the Modulation Analyzer peak 
deviation (noise) reading. 

m. Turn the UUT EXT FM on. 
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n. Program the LFSSG to 10 kHz and 0.7071V rms as measured by theDVM. 

o. With the Modulation Analyzer, alternately measure +peak and -peak FM, 
and adjust R82 so the readings are symmetrical, about 99.9 kHz plus the 
noise noted in step i. 

3. L49 20-kHz and L50 40-kHz Notch Filter Adjustments 
TEST EQUIPMENT 

RF Spectrum Analyzer 
LFSSG 

REMARKS 

These adjustments are normally not required unless L49, L50, C123, C99,C124,C126or 
Cl 25 are replaced, or unless the Generator has been subjected to severe usage. 

PROCEDURE 

The 20~kHz and 40-kHz notch adjustments, L49 and L50, are adjusted for sideband level 
nulls using the RF Spectrum Analyzer. 

a. Remove the instrument and the module plate top covers. 

b. Connect the LFSSG to TP56 (high) and TP36 (low) using clip leads. 

c. Program LFSSG to 20 kHz and 0.2V rms, terminated. 

d. Connect the UUT RF OUTPUT to the RF Spectrum Analyzer input. 

e. Program the UUT to 300 MHz and -H3 dBm. 

f. Adjust the RF Spectrum Analyzer to display the signal centered on the 
display. 

g. Set the span to 10 kHz/division and 1-kHz bandwidth. The 20-kHz 
sidebands should be visible. 

h. Adjust L49 to minimize the 20-kHz sidebands. 

i. Program the LFSSG to 40 kHz. 

j. Adjust L50 to minimize the 40-kHz sidebands. 

4. VCO Upper Clamp Adjustment, R104 

TEST EQUIPMENT 
Frequency Counter 

REMARKS 

This adjustment is normally required when the VCO is replaced or when the Generator 
has been subjected to severe usage. 
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PROCEDURE 

The UUT PLL loop is disabled to cause the VCO frequency to be at the upper limit of its 
range, then R104 is adjusted for 530 MHz. 

a. Remove the instrument and module plate top covers. 

b. Connect UUT RF OUTPUT to the Frequency Counter input. 

c. Program the UUT to [RCL] [9][8]; then, program the UUT for 500 MHz 
and +13 dBm. 

d. Using a clip lead, short TP14 to ground to cause the VCO to go to the upper 
frequency limit. 

e. Adjust R104 for 530 MHz ± 1 MHz. 

5. 800-MHz Oscillator Adjustment, C206 

TEST EQUIPMENT 

Frequency Counter 
DMM 

REMARKS 

This adjustment is normally not required unless components in the 800-MHz oscillator 
are replaced or the Generator has been subjected to severe usage. 

PROCEDURE 

The PLL control voltage operating point is adjusted to 16V while the loop is phase- 
locked. 

a. Remove the instrument and the module plate top covers. 

b. Program the UUT to [RCL] [9][8]; then, program 200 MHz. 

c. Connect the DMM to measure voltage between TP53 and the chassis. 

d. Adjust C206 for 16.0V ± 0.5V. 

6. 10 MHz Lock-Range Centering Adjustment 

TEST EQUIPMENT 
Frequency Standard 

Low Frequency Synthesized Signal Generator (LFSSG) 

Oscilloscope 
BNC Tee 

REMARKS 

The UUT reference output and the LFSSG signal are viewed simultaneously on the 
oscilloscope for frequencies near the limit of the lock-in range. The 10-MHz crystal 
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oscillator is adjusted for a stable display on the oscilloscope at both upper and lower 
limits. The external reference input level to the Generator is reduced to determine 
sensitivity. 



PROCEDURE 



a. Remove the top Generator cover and the lO-MHz adjustment access screw 
from the the module plate. (See Figure 4C-3 C240 for 10-MHz adjustment 
location.) 

b. Connect the frequency standard to the reference input of the LFSSG. 

c. Connect the LFSSG output to the oscilloscope vertical input channel 1 using a 
BNC tee, and then connect the cable to the UUT 1 0 MHz IN using a cable less 
than three feet in length, 

d. Connect the UUT rear panel 10 MHz OUT to oscilloscope vertical input 
channel 2. 

e. Program the LFSSG to 10 MHz and 0 dBm. 

f. Set the UUT rear panel REF INT/EXT switch to EXT. 

g. Set the vertical controls of the oscilloscope to display both the LFSSG output 
and the UUT 10-MHz signal. Set the triggering to channel I, and adjust the 
timebase for 0. 1 us/ div. 

h. Edit the LFSSG to 200 Hz above 10 MHz (10.0002 MHz). 

i. If the signals are unlocked, adjust C240 for a locked condition. Verify the 
UNCAL indicator is not lit. 

j. Adjust C240 clockwise until the two waveforms are not synchronized (break 
lock). Verify the UNCAL indicator is flashing. Turn C240 counterclockwise to 
the first stable, locked point. 

k. Edit the LFSSG to 100 Hz below 10 MHz (9.9999 MHz), 

l. Verify Locked Condition: Two wave forms synchronized and UNCAL 
indicator is not lit. 

m. Program the LFSSG to 10 MHz. 

n. Reduce the level of LFSSG until the signals displayed on the oscilloscope 
indicate an unlock condition. 

0 . Increase the LFSSG level until the oscilloscope display first indicates the 
locked-point. Verify that this level is less than 300 mV peak-to-peak as 
measured with the oscilloscope. 

p. Perform Reference Frequency Adjustment procedure on page 4C’-11 of this 
manual. 
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4D-1. INTRODUCTION 

Usually, the Generator is most easily repaired by identifying the defective module and 
replacing it through the Module Exchange Program. Alternately, you may wish to 
troubleshoot down to the component level and replace the defective part. This section of 
the manual provides the necessary information for both repair methods. 

After any module repair or replacement, the Performance Tests should be done to verify 
the performance of the Generator. Signal Generator problems are generally caused by 
operator error, out-of-spec performance, or by catastrophic failure. The correction 
strategy is different in each case. 

Although most operator errors are detected and indicated, some are not, and therefore, 
may be mistaken for an out-of-spec condition. Those operator errors that are detected are 
indicated with either a steady or flashing ‘UN CAL’ indicator. Consult the Generator 
Specifications in Table 1-1 and Section 2 in this manual for more inforniation on 
Generator operation. 

Out-of-spec performance is usually corrected by performing the appropriate adjustment 
procedure(s). Use the Performance Tests to determine which parameters need 
adjustment. Refer to adjustment paragraphs in this section for more information. 

If the problem is not an operator error and is not corrected by adjustment, the Generator 
has a catastrophic failure. Then the task is to isolate the fault and make appropriate 
repairs. The UNCAL and self-test failure codes usually provide a good indication of the 
cause of the problem. Using the Performance Tests in this situation may help to 
determine which parameters are not affected. 

4D-2. MODULE REPLACEMENT 

This repair method involves identifying and replacing the problem module. The 
replacement module may be obtained using the Module Exchange Program or from your 
spare module stock, which may then be restored using the Module Exchange Program. 

Use the information in the Troubleshooting section to diagnose the problem. To help you 
identify the problem module, you may call your local Fluke Technical Center for 
troubleshooting assistance. Once the Fluke service technician believes the problem 
module is identified, a replacement module can be shipped prepaid by an overnight air 
carrier. 

After the operator verifies that the replacement module corrects the problem, return the 
defective module using the shipping container and including the prepaid return shipping 
papers and label. 
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CAUTION 

If any of these assemblies needs calibration or If any non-field replaceable part 
needs repair, order a replacement using the Module Exchange Program. 

To order a replacement module, use the part number for the assembly shown in the List of 
Parts and specify a Module Exchange part. Table 4D-1 shows a list of replaceable 
assemblies. To order any new assembly, refer to Section 5 for the part number, (New 
assemblies are ordered by referring to the same part number). Note that two versions of 
the Synthesizer assembly are available, one with the Low-Rate FM option and one 
without the option. The following paragraphs describe the available exchange modules, 
how to install them, and how to adjust the Generator, if necessary, after installation. 






Table 4D-1. Module Exchange Assemblies 

A1A1 DispUy PCA 

A2A1 Synthesiser PCA 

A2A2 VCO PCA 

A2A4 Output PCA 

A2A5 Attenuator Assembly 

A2A5A4 Attenuator PCA 

A2A5A5 Relay Driver PCA 

A2A7 Controller PCA 

A2A8 Non-Volatile Memory PCA 

A3A1 Power Supply PCA 



4D-3. Power Supply PCA, A3A1 

The Power Supply PCA comes complete with the 5V regulator, A 1 03, its socket, and a 
set of insulated washers for all of the chassis-mounted regulators. 

No adjustment is required after installation of the new PCA, but the power supply 
voltages should be verified, using the last step of the Power Supply Adjustment procedure 
in this section. 



4D-5. Synthesizer PCA, A2A1 

Under the Module Exchange Program there are two versions of the A2A1 Synthesizer 
assembly available. One has the Low-Rate FM option installed on the Synthesizer PCA 
and the other does not. Therefore, when ordering a replacement Synthesizer module be 
sure to specify whether or not the Generator being repaired has the Low-Rate FM option. 



Also, before replacing the Synthesizer PCA it is important to note what other options are 
in the Generator and carry out the following instructions pertaining to the option 
complement of the Generator, If the Low-Rate FM option is present, verify that S I on the 
PCB option is set for Low-Rate operation. (See Section 6.) 
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After the new Synthesizer PCA has been installed, perform the FM CAL, VCO CLAMP, 
and 10-MHZ adjustments as described in the Synthesizer Adjustment Procedure in 
Section 4C of this manual. Perform any other adjustments related to the options. 
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4D-6. VCO PCA, A2A2 

The VCO assembly comes with its associated VCO Calibration EPROM. This EPROM 
replaces the old one installed on the Controller PCB, A2A7. After installing the new VCO 
assembly, the FM CAL and VCO CLAMP adjustments should be done. These 
adjustments are presented under the Synthesizer Adjustment Procedure. 

A plug-in coupling capacitor is used to interconnect the VCO and Output PCBs, thus 
eliminating the need for a soldering iron when replacing this assembly. 

4D"7. Output PCA, A2A4 

The Output assembly comes with its associated Output Calibration EPROM. This 
EPROM replaces the old one installed on the Controller PCB. After installing the new 
Output assembly, perform the level DAC offset, the RF Level, the HET level, and the FM 
CAL adjustment procedures given in the Calibration Adjustment Section of this manual. 

A plug-in coupling capacitor is used to interconnect the VCO and Output PCBs, 
eliminating the need for a soldering iron when replacing this assembly. 

If the Generator is equipped with the Low-Rate FM option, then it is necessary to add a 
jumper around C401 and C402 on the new Output assembly before installing it. 

4D-8. Controller PCA, A2A7 

The Controller assembly comes without the three calibration EPROMs. Therefore, it is 
necessary to move these EPROMs from the old to the new Controller. Remember to set 
the option status switch. No adjustments are required. 

4D-9. Display PCA, A1A1 

After installing a new Display PCA, the Modulation Indicator adjustment should be 
done. The procedure is presented under the Display Adjustment Procedure. 

4D-10. Attenuator/RPP PCA, A2A5 

The Attenuator/RPP PCA comes complete with the housing, Relay Driver PCA and 
matching Attenuator Calibration EPROM, and comes ready to install. The matching 
EPROM replaces the Attenuator calibration EPROM on the Controller PCA. After the 
new Attenuator assembly is installed, perform the RF Level Adjustment procedure on 
the A2A4 Output PCA in the Calibration Adjustments section of this manual 

4D-11. IEEE-488 PCA, A3A3 

The IEEE-488 assembly comes complete with panel, frame, and connector and is ready to 
plug in. No adjustments are required after installation. 

4D-12. Non-Volatile Memory PCA, A2A8 

The Non-Volatile Memory assembly comes ready to plug in, and requires no adjustment 
after installation. 

4D-13. PARTS REPLACEMENT 

An experienced technician should be able to isolate the defective component and replace 
it after reading the information presented in Section 3, the Theory of Operation and the 
troubleshooting information contained in this section. The Schematics are presented in 
Section 8 (Section 6 for the options) of this manual. 

Most parts are replaced using ordinary methods. The parts requiring special attention are 
the chip components located on the A2A2 VCO PCA. The chip components should be 
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replaced using a 600° F soldering iron, such as an Ungar 50T7 with a number 76 heater 
and a number B8 tip, and 2% silver solder paste, such as Electro Science Fabrication SP - 
37D1 or similar wire solder, 

4D-14. TROUBLESHOOTING 

To isolate a fault, it is important to note the conditions under which the symptoms are 
observed and if the symptoms change with different states of the instrument, such as 
different RF bands or levels, only when FM is on, only under remote control, etc. 

If the symptom is a blank front panel or no response to keystrokes, the fault is most likely 
a digital problem or a power supply problem. If the power supply and cables are good, go 
to the digital troubleshooting paragraphs in this section. 

If the front panel appears to function properly, but the RF output is abnormal or there is 
a flashing "UNCAL’ indication, the cause is likely an analog circuit problem (although it 
could be a control problem). 

A properly operating front panel indicates that the majority of the Controller circuitry is 
functional. It is possible, however, that a digital control problem could exist and cause the 
RF output to be incorrect. If a digital problem is suspected, go to the Digital and Control 
troubleshooting paragraphs after checking the power supply. 

4D-15. Service Special Functions 

• Special Function 03, Display check 

All display segments are lit until a key is pressed. 

• Special Function 04, Key check 

For each key pressed, the code is displayed in the FREQUENCY display field. 
Pressing [CLR|LCL] key exits this check. The test also times out after 
approximately 8 seconds if no keys are pressed. 

• Special Function 1 5, Latch Test 

Special function 15 invokes a built-in latch control test that is useful in verifying that 
the Controller is sending valid data to the latches of the Output and Synthesizer 
assemblies. This special function sends an alternating bit pattern ( 1 0 1 0 1 0 1 0 binary) 
to each 8-bit latch, and displays “Latch AA”. Pressing the EDIT [ ♦ ] key changes 
the bit pattern to (OlOlOlOl binary), and “Latch 55” is displayed. Pressing the 
EDIT [ ♦ ] key changes the pattern back to lOlOIOlO. Pressing any other key 
causes the instrument to exit the test. 



CAUTION 

This special function Is intended as a troubleshooting tool to check the 
operation of the digital circuitry and the latches on the analog assemblies. 
Since the Generator is programmed to an abnormal state, Its output is turned 
off by programming full attenuation. 

• Special Functions 83 Through 86 Alternate Attenuators 

Special functions 83 through 86 program alternate 24-dB Attenuators. The 
alternate 24-dB attenuators are normally used only when low levels are 
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programmed too low to be verified with a power meter during service. These special 
functions allow the alternate attenuators, A242L through A245L, to be 
programmed one at a time, thus keeping the level high. The first 24-dB attenuator, 
denoted A24IL, is automatically programmed for levels between -17.0 dBm and 
-11. 1 dBm with AM off. These special functions allow the other attenuators, A242L 
through A245L, to be programmed in the same range. 

These special functions also turn off relative amplitude, amplitude fixed range, and 
all modulation; and turn RF and level correction on. If the level is not in the 
specified range, -12 dBm will be programmed. Any new entry that normally 
programs the attenuators causes the default (normal) attenuators to be 
programmed. 

4D-16. UNCAL Conditions 

There are two hardware fault detectors, the unlock detector on the Synthesizer PC A, and 
the unleveled detector on the Output PCA. These two fault detectors are constantly 
monitored by the Controller, and if asserted, cause a flashing UNCAL indication. The 
detectors are also used during the self test to check the general operation of the Generator. 

It is very important to interrogate and note the UNCAL code if there is an UNCAL 
indication. 

If the unit has a UNCAL condition, interrogate the UNCAL code by pressing the 
[ST ATUS] key a.nd interpret the code (see Table 2-5 in this manual). Take note if the code 
indicates that either UNLOK or UNLVL conditions have been asserted. Other codes 
denote overrange or underrange conditions (operator errors) that should be cleared but 
are not pertinent to troubleshooting. 

Usually the unleveled UNCAL code indicates a problem on the Output PCA, whereas a 
unlocked UNCAL code indicates a problem on the Synthesizer PCA. Be aware that it is 
possible to have an Unleveled UNCAL condition due to a problem with the Synthesizer 
PCA that is not detected by the UNLOK. detector. 

It is a good idea to check for a different UNCAL code when other RF bands, levels or 
functions (FM or AM) are selected for a more complete analysis of the symptoms. For 
example, if the code indicates that UNLOK is asserted only with FM on, and not with FM 
off, it may be indicating an overmodulation condition. See Table l-l. Signal Generator 
Specifications, for the FM limitations. 

4D-17. Self Test Description 

The self test is started whenever the Generator is turned on. It may also be started by 
[SPCL] [0][2]. If the Generator fails any of the self tests, the self-test failure report is 
displayed until any key is pressed. The self-test report can also be displayed by [SPCL] 
[1][1]. The report is presented in four fields as shown in Table 4D-2. 

A minus sign in the Frequency Display indicates that the self test was aborted by a front 
panel entry. 



Table 4D-2. Self Test Display Field 



MODULATION 




FREQUENCY 


AMPLITUDE 




A 


A 






- 


a 


B 


B 


C 


C 


C 




D 


D 


D 
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The four groups (denoted by the A’s, B’s, Cs and D’s) in the seif-test report correspond to 
different test categories. These tests are described below, including a tabulation of the 
Generator instrument state and the test codes that result if any test fails to achieve the 
expected result. Understanding how these tests are done can provide more meaning to the 
results and can assist in understanding how they relate to other symptoms. A successful 
self test is reported with all zeros. 

During the self test, the step attenuator is programmed to maximum attenuation and the 
internal frequency reference is selected. The analog circuit tests make use of the unleveled 
(UNLVL) and unlocked (UNLOK) status detectors, whereas the digital circuit tests make 
use of write/read techniques. 

4D-18. AAA FIELD 

AAA is the result of the AM and FM tests. During these tests, level correction is applied. 
During the four AM tests, a normal AM depth, which should produce a leveled 
condition, and an abnormally high AM depth, which should provide an unlcveled 
condition, is set for each modulation frequency. During the two FM tests, a normal FM 
deviation is set, which should produce a locked condition, and then an abnormally high 
deviation is set, which should produce an unlocked condition. The two FM tests are not 
performed if the Option -^5 1 Low-Rate FM is installed. Table 4D-3 shows the AAA Field 
AM and FM tests. 

4D-19. BBB FIELD 

BBB is the result of the synthesizer tests. In the first three test steps, the Synthesizer 
assembly’s main PLL operation is verified by programming a large change in frequency. 
This should cause a momentary unlocked condition that should clear as the frequency 
settles to the new frequency. 



Table 40-3. AAA Field AM and FM Tests 



AAA 

(CODE) 




1 

LEVEL 
(DBH) , 


AM 

(X) 


MOD FREO 
CHZ) 


KV 

DAC 


FM 

DAC 


FM 

RANGE 


EXPECTED 

RESULT 


001 


1050 


10.7 ; 


30 1 


400 


n/a 


n/a 


n/a 


Lovolad 




1050 


! u ' 


127 1 


400 


n/a 


n/a 


n/a 


unleveled 


BiLH 


1050 


10.7 


30 


1000 


n/a 


n/a 


n/a 


Leveled 


010 


' 1050 


U 


127 


1000 


n/a 


n/a 


n/a 


Unleveled 




280 


-10 


n/a 


400 


Normal 


1023 


4 


Locked 




280 


-10 


n/a 


400 


1023 


1023 


4 


Unlocked 



In the next three steps, the synthesizer is checked by programming 225 MHz, which is 
outside the normal operating frequency range, and should result in an unlocked 
condition. Then 385 MHz is programmed, which should result in a locked condition. 
Next 550 MHz is programmed, which is again outside the normal range, and should 
result in unlocked condition. 

Finally, all frequency reference circuitry is turned off, which should produce an unlocked 
condition, and then turned on, which should produce a locked condition. Table 4D-4 
shows the BBB Field test results. 



4D-20. CCC FIELD 

CCC is the result of the digital tests. The IEEE^88 option (if installed) is verified by 
writing data to the IEEE^88 chip, A3 A3U 1 , then by reading it back and checking for the 
expected response. Each memory location of the Non-Volatile RAM is checked with a 
checksum. 
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Table 4D-4. BBB Field Test Results 



BBB 

(CODE) 


SYNTH, FREQ. 
(MHZ) 


MAX. 

WAIT 

CMS) 


XOENL 

BIT 


EXPECTED 

RESULT 


001 


245 


120 


0 


Locked 


002 


525 


5 


0 


Unlocked 


004 


525 


95 


0 


Locked 


010 


225 


120 


0 


Unlocked 


020 


385 


120 


0 


Locked 


040 


550 


120 


0 


Unlocked 


100 


385 


120 


1 


Unlocked 


200 


385 


200 


0 


Locked 



The Generator RAM is verified by writing data to each memory location and checking 
that the same data can be read back. Both the off-chip RAM (U25) and the on-chip RAM 
(U 1) are tested in this manner. The RAM test is only done during the power-on self test. 
The data in each of the three calibration EPROMs; VCO (U23), Output (U24), and 
Attenuator (U26)» are summed and compared with a checksum. 

The data in each word of the two program EPROMs (U21j 22) are successively summed 
and rotated by two. The result of this procedure is compared with a checksum for each 
EPROM. Table 4D-5 shows the CCC field results. 

4D-21. ODD FIELD 

DDD is the result of the Output filter tests. During these tests, the level is programmed to 
+13.0 dBm with level correction applied. The low-pass filters on the A2A4 Output 
assembly are tested by setting the frequency near the high end of each of the four half- 
octave non-het bands and checking for a leveled condition. Then, the frequency is set 
above the cutoff frequencies of two of the filters, and the output is checked for an 
unleveled condition. Table 4D-6 shows the DDD field Results. 



Table 4D-5. CCC Field Test Results 



CCC 

(CODE) 


DIGITAL TEST 


001 


IEEE-488 option test 


002 


Non-volatile memory test 


004 


RAM test 


010 


Attenuator calibration EPROM checksum 


020 


Output calibration EPROM checksum 


040 


Synthesizer calibration EPROM checksum 


100 


Lower program EPROM checksum 


200 


Upper program EPROM checksum 



Table 4D-6. ODD Field Test Results 



DDD 

(CODE) 


FREQ 

(MHZ) 


MIDL 


HAOCTH 


expected 

RESULT 


001 


349.99999 


0 


1 


leveled 


002 


511.99999 


0 


0 


leveled 


004 


729.99999 


1 


0 


Leveled 


010 


1050.00000 


1 


1 


leveled 


020 


490.00000 


0 


1 


unleveled 


040 


1024.00000 


1 


0 


unleveled 
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Table 4D-7. Band, Filter, and Frequency Programrning Data 



OUTPUT FREQUENCY (F ) 
o 


MIDL 


HAO CTH 


HETL 


SHETM 


SYNTH. FREQ CF^) 


0.01 - 244.99999 MHz 


1 


1 


0 


1 


(SOO + F )/ 2 


245 - 349.99999 MHs 


0 


1 


1 


0 




350 - 511.99999 MHz 


0 


0 


1 


0 




512 “ 729.99999 MHz 


1 


0 


1 


0 


730 - 1050.00000 MHz 


1 


1 


1 


0 




1 = TTL High 
0 = TTL Low 













4D-22. Check Output Signal 

At this point, check the Generator output signal with a Spectrum Analyzer or a Counter 
at various frequencies on each of the three RF bands and at the state where an UNCAL 
condition exists. If the frequency is incorrect or erratic, check the power supply first. Go 
to the Synthesizer troubleshooting paragraphs if the power supply functions properly. 
Table 4D-7 shows the band, filter, and frequency programming data for the output 
frequency (at the source). 

4D-23. Auxiliary Power Supply PCA, A3A2 

The Auxiliary Power Supply consists of the A3A2A 1 PCB and the A3A2T1 transformer 
mounted together with a bracket. The power supply is electrically preadjusted and needs 
no adjustment after installation. 

The Spectrum Analyzer can also be used to check to see if the modulation functions are 
generally working. If a modulation problem exists, go to the appropriate AM or FM 
troubleshooting paragraphs after checking the power supply. 

If the frequency is stable and correct, but the output level is abnormal, the problem is 
most likely in the Output PCB. Check the power supply; then go to the Level 
Troubleshooting paragraphs in this section of the manual. 

Armed with a clear knowledge of the symptoms and the conditions under which the UUT 
fails, the next task is to isolate the problem. Remove the top and bottom instrument 
covers and visually inspect the interior for loose cables, connectors, etc. Also be alert for 
the characteristic odor of burned resistors, etc. 

WARNING 

DO NOT INTERRUPT THE PROTECTIVE GROUNDING CONNECTION. TO 
DO SO WOULD CREATE A POTENTIAL SHOCK HAZARD THAT COULD 
RESULT IN PERSONAL INJURY. SECURE THE INSTRUMENT AGAINST 
UNINTENDED OPERATION IF IT IS LIKELY THAT THIS PROTECTION HAS 
BEEN IMPAIRED. USE ONLY 250V FUSES OF THE PROPER CURRENT 
RATING. 



WARNING 

BECAUSE THE PROCEDURES DESCRIBED HERE ARE DONE WITH 
POWER APPLIED TO THE SIGNAL GENERATOR AND WITH PROTECTIVE 
COVERS REMOVED, TESTING SHOULD BE DONE ONLY BY TRAINED 
SERVICE PERSONNEL WHO UNDERSTAND THE HAZARDS INVOLVED. 
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CAUTION 

To prevent damage to the Generator, turn otf the instrument before removing 
any PCAs. 



4D-24. Check Power Supply Voltages 

CAUTION 

To prevent damage to the Generator, turn off the Instrument before 
disconnecting any power distribution cables. 

Check all power supply voltages. Table 4D-8 gives the expected dc and ripple voltages at 
key test points. If one supply voltage is unusually low, this could indicate an abnormal 
load on that supply due to a fault. To isolate the fault, check the abnormal voltage before 
and after disconnecting (one at a time) the power cable to the Controller, Synthesizer, 
Attenuator, and the cable from the Controller to the front panel. 

Table 4D-8 lists the typically dc and ripple voltages (relative to ground connection on the 
module plate) at the key test points of the Power Supply, A3A1, PCB. These 
characteristics apply for [RCL] [9][8]. 

The unregulated dc and ripple voltages are those expected with a line voltage of I20V ac 
at 60 Hz. The dc voltages are expected values as measured with a digital voltmeter with 
respect to the power supply ground connection on the module plate. 

The ripplp voltages are expected values as measured with an oscilloscope with respect to 
the power supply ground connection on the module plate, and are the peak-to-peak 
values of the 120-Hz waveform. 

The characteristics of the unregulated +18V relay supply depend directly on the line 
voltage and the load (the state of the instrument). For example; at 120V ac: 

♦ At 50 MHz and 1 3 dBm, Vdc is typically 19.0V with .25V (peak-to-peak) ripple. 

• At 50 MHz and RF off, Vdc is typically 20.0V with OV ripple. 



Table 4D-8. Power Supply Characteristics 



SUPPLY 




UNREGULATED 


VOLTAGES 


REGULATED VOLTAGES 


aiP 


V dc 


RippLeCVpp) 


aiP 


V dc RippteCmVpp) 


+37 


9 


47 


0.5 


5 


36.9 to 37.1 


2 


+15 Syn 




22 


0.5 


11 


14.5 to 15.7 


0,5 


+15 Out 


7 


3 


M II 


(• 


“15 


8 


-23 


0.2 


2 


-14.5 to -15-7 


It 


+5 


10 


9 


1 


4 


4.75 to 5.25 


1 


+18 


1 


23 


0.35 


None 


None 


None 
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4D-25. DIGITAL AND CONTROL TROUBLESHOOTING 

If the symptoms indicate a digital or control problem, the following suggestions may help 
you isolate the fault to a particular functional circuit. In this manual, refer to the 
schematic diagrams in Section S, and refer to Section 3 for the Theory of Operation. 

First, verify that all assemblies arc receiving the correct voltages from the power supply. 

The most obvious symptom of failure in the Controller assembly is a blank front panel. A 
properly operating front panel indicates that most of the Controller circuitry is 
functional. If the front panel is totally blank or unresponsive to any keystrokes, the 
microprocessor kernel should be checked first. See the paragraphs entitled 
Microprocessor Kernel in this section. 

If the front panel is operating correctly but the RF output is incorrect, determine if the 
fault is on the Controller side of connector PlOl . The control to most of the audio and RF 
analog circuitry passes through PIOl via buffers U15 and U16 on the Controller PCB 
A2A7. 



4D-26. Control Activity 

This can be checked by verifying data activity on the data and address lines of PIOI. 
Program the bright digit for lOO-Hz resolution in the FREQUENCY display. While 
pressing the EDIT [+] key, observe with an oscilloscope the activity on PlOl. Pressing 
one of the EDIT keys sends bursts of frequency and level control data through the 
buffers. 

Although it is difficult to determine if the data, (BDO-7) and address (BABO-2) signals on 
PIOI are valid at any given time, the most common failures seen at this point are totally 
inactive signals. Between bursts, the data and address signals are in the high impedance 
state (tri-stated). Be careful not to confuse this high impedance state with total inactivity. 
Observing these signals on a known good unit may be helpful. 

If signals are found to be totally inactive, inspect the buffer control signals on U 1 5 (pin 1 ), 
and U 1 6 (pins 1 and 1 9) of the Controller, A2A7. If the buffer control signals are active, 
check the buffer inputs that correspond to the inactive outputs. If the inputs show 
activity, replace the buffer and again check the signals. If, however, the inputs to the 
buffers are also inactive, trace the signals back and determine the fault location. 

If all data and address signals show activity and their timing roughly corresponds to the 
select signals BSELOL. and BSELIL, assume for now that the Controller is sending the 
correct data and continue on. 

4D-27. Latch Control 

Use the [SPCL] [I][5] keys to check each available latch on the RF circuit boards to verify 
that the correct data is reaching them. Passing this test is a good indication that the fault is 
not m the Controller. 

If the IEEE-488 option is present, and an IEEE-488 Bus Controller is available 
additional bit-level control of the hardware is available by using the monitor commands 
(see Section 2). These commands allow you to directly program the DACs, or read and 
write data to any desired location. 

4D-28. Microprocessor Kernel 

Connect an oscilloscope probe to the external clock input of A2A7 UI pin 2. There 
should be a symmetrical 10-MHz square wave with an adequate TTI. logic level. If the 
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signal deviates from this description, refer to Section 3, Theory of Operation, in this 
manual to assist you in troubleshooting the clock oscillator circuit. 

4D-29. Power Reaet 

Connect an oscilloscope probe to the RESET input (pin 22) of Ul, The signal should 
generate a low to high transition on power-up and remain high during normal operation. 
Turning the power on and off generates active low reset pulses to U 1 , If a problem with 
the reset circuit is suspected, refer to Section 3, Theory of Operation, and troubleshoot 
the reset circuitry. 

4D-30. Microprocessor Inputs 

Input pins to Ul, CRUIN (pin 13) , INTI (pin 15), HOLD (pin 18), NMl (pin 21), and 
READY (pin 23), should all be high. If any of these signals are not high, correct the fault 
before continuing on. 

4D-31. IEEE-488 Interrupt 

Verify that the IEEE-488 Interface interrupt signal, lEINTL, is in the inactive (high) 
state. If lEINTL is active, either troubleshoot the interface to the IEEE-488 Interface 
option, or temporarily bend out pin 14 of Ul and tie it to +5V. 

After completing the above steps, there should be activity on the address, data, and 
control lines as the microprocessor executes instructions. 

4D-32- Microprocessor Bus 

The dynamic nature of microprocessor bus circuitry makes it very difficult to verify the 
data transmitted at any given time. However, most common bus faults show recognizable 
symptoms. Look at each of the data (DO to D7), address (AO to A 15), and bus control 
(CLKOUT, DBINL, WEL, MEML) signals with an oscilloscope. 

Suspect inactive signals or signals that enter invalid logic states. Also compare the driver 
inputs and outputs of buffered signals. A combination of observation and experience is 
helpful here. An ohmmeier or a pulse generator may be useful in further investigating 
suspected signals. 

4D-33. Address Decoder 

Several levels of address decoding are used to select all the memory and I/O devices. The 
inputs to the address decoders come from the buses and present challenges similar to 
troubleshooting the buses. A suggested approach is to first choose a decoding path to a 
particular device or group of devices. Start at the highest level of decoding, and one at a 
time verify that each part in the path is good. 

4D-34. Display and Controls 

If the display shows signs of activity, but has missing or bright digits or segments, the 
problem is most likely in U 18 on the A2A7 Controller or on one of the data latches or 
drivers on the AlAl Display PCB. If the display is blank and the Controller is 
operational, check the various power supplies and the display blanking circuitry on the 
Display PCB. 

Two special function-service tests are available to test the front panel indicators and keys. 
[SPCL] [0][3] keys check the front panel displays by lighting all segments. This test is 
aborted by pressing any key on the Generator. 

The [SPCL] [0][4] keys allow all normally open keys to be checked. As each key is 
pressed, its row and column address is displayed in the center of the FREQUENCY 
display field. See Table 4D-9 for the address codes for each key. This test is exited by a 
clear entry. 
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Table 4D-9. Address Codes for the Front Panel Keys 



KEY 


CODE 


cextam:) 


1 


CEXTFMD 


2 


CINTAM3 


4 


CINTFM3 


5 


C400/1000J 


6 


CFREQ3 


9 


CAMPLE 


10 


[AM] 


11 


[FM] 


12 


[SPCL] 


13 


[STEP] 


H 


[7] 


15 


C4] 


16 


Cl] 


17 


CO] 


18 


CSTO] 


19 


C83 


20 


C5] 


21 


ill 


22 


C-] 


23 


CftCU 


24 


C93 


25 


C6] 


26 


C3] 


27 


C-] 


28 


CSEQ] 


29 


CMHz IV] 


30 


CkHzlV] 


31 


CHz luV] 


32 


STEPCv] 


33 


CdSCm)] 


34 


[%] 


35 


CCLRILCL] 


(Exit Test) 


STEPCV] 


37 


EOITC*] 


38 


EDITED] 


40 


EDITC'*'] 


41 


EDITC+] 


43 


[STATUS] 


45 


RFCON/OFF] 


46 
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4D-3S. SYNTHESIZER TROUBLESHOOTING 

NOTE 

A ll frequencies mentioned are synthesized; hence they are exact (coherent with 
the 10-MHz reference), unless noted as approximate. 

If the Generator has the Low-Rate FM (Option -651), set A2A9S 1 for normal operation 
(See Table 651-1) while troubleshooting. If the Generator level is inaccurate or an 
unleveled condition exists, then the A2A4 Output assembly is probably at fault. If an 
unlock condition exists, the problem is in the synthesizer. If the output frequency is in 
error or erratic, there is likely a problem with the Synthesizer assembly. However, if the 
unlocked condition only occurs when using an external reference, the problem is 
probably in the Sub-Harmonic Reference circuitry. 

If the unlocked condition exists with REF INT/EXT set to INT, be sure no signal is 
applied to the REF IN connector. An external signal applied (while operating on internal 
reference) can cause the main loop to unlock. 

Next, check to see if the Generator frequency is stuck high or low. A good way to do this is 
to check the dc voltage at TP44. If it is around 2V, go to the Reference Circuitry Check in 
the following paragraphs. 

If the voltage is around 25V, the problem is associated with the main PLL, i.e., VCO, 

UHF binary divider, buffer amplifier, SSB mixer, triple-modulus prescaler, or N- 
Divider. 

Table 4D-10 shows the characteristics of the signals at the various test points on the 
Synthesizer PCA. The range of the signal and the expected value for a typical instrument 
state are given. The values in the TYPICAL column are for the UUT programmed to 
160.11999 MHz, INT FM on at 1 kHz, and 99.9 kHz deviation. 

4D-36. Reference Circuitry Check 

There should be a 10-MHz square wave at U55 pin 12. If there is no signal at this point, 
the problem is in the internal 10-MHz crystal oscillator. The frequency should change as 
R230 is adjusted. The DC voltage at TP 57 should vary from 4 to 6 volts as R230 is 
adjusted. If there is an external signal connected, with the switch set to EXT, there should 
be a TTL signal at U67 pin 1 1. The same signal should appear at U68 pin 3. If either of the 
enhanced stability options is present, with the switch set to INT, there should also be a 10 
MHz TTL signal at U68 pin 3. If the loop is locked, there should be a stable DC voltage at 
the output of the loop amp, U69 pin 6. 

Table 4D-I I shows the relationship between various reference frequency configurations 
and the control of the reference circuitry. 

4D-37. Main Phase Lock Loop 

If the voltage at TP44 is around 25V, connect a variable power supply to TP41. This 
allows the frequency of the VCO to be controlled directly. Use a Spectrum Analyzer or 
Counter to monitor the Generator output. 

Program the UUT to 640 MHz. If the power supply can be adjusted to obtain an output 
frequency of about 640 MHz, the VCO is probably OK; proceed to the next paragraph. If 
the power supply cannot be adjusted to obtain about 640 MHz output frequency, 
troubleshoot the VCO or the circuitry between TP41 and TP44. 
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Table 4D-10. Synthesizer PCA Test Points 



TEST 


SIGNAL 


RANGE 


TYPICAL 


FUNCTION 


POINT 


TYPE 








TP1 


RF 


245 to 525 MH 2 


450 . 0 5 9 995 MHz; 


ALL frequency digits 








"7 dBm 




TPS 


GROUND 








TP3 


RF 


245 to 525 MHt 


480.0 5 9 995 MHz; 


ALL frequency digits 








+4 dem 




TP7 


GROUND 








TP11 


TTL 


20 to 39-995 kHz 


39.995 kHz 


10-K, 1-K, 100-* 










and 10-Hz Digits 


TP12 


TTL 


1 to 1 .99975 MHz 


1.99975 MHz 


10-K, 1-K, 10Q-, 










and 10-Hz Digits 


TP13 


GROUND 








TP14 


TTL 


1 MHz CAL) 


1 MHz 


1-MHz and Lower digits 


TP15 


TTL 


0.02 to 1 MHz 


20 kHz 




TP16 


TTL 


12 to 26 MHz 


24 MHz 


ALL frequency digits 


TP17 


RF 


245 to 525 MHz 


480.02 MHz; -17 dBm 


AL 1 frequency digits 


TP22 


AUDIO 


0 to 0.7V rms 


0.68V rms 


FM Deviation 


TP23 


GROUND 








TP24 


TTL 


20 MHz, 12.5 ns 


20 MHz 








(AH) 






TP2S 


TTL 


20 MHz, 12.5 ns 


20 MHz 








(AH) 






TP26 


GROUND 








TP27 


TTL 


10 to 19.9975 MHz 


19.9975 MHz 


10-K, 1-K, 100- 










and 10“Hz Digits 


TP31 


GROUND 








TP32 


AUDIO 


0 to O.SV rifls 


0.18V rms 


FM Deviation, 










and Frequency 


TP53 


AUDIO 


0 to O.SV rms 


0.18V rms 


FM Deviation, 










and Frequency 


TP54 


DC 


30 +0.5V 


3QV dc 




TP35 


TTL 


1 MHz 


1 MHz 


1-MHz Reference 


TP36 


GROUND 








TP37 


DC 


”1 to -6v 


-2.7V dc 


Freq uency 


TP38 


TTL 


1 MHz 200 ns (AH) 


1 MHz 200 ns 




TP39 


TTL 


1 MHz 10 ns (AL) 


1 MHz 10 ns 




TP40 


DC 


2 to 22V 


17.7V dc 


Frequency 


TP41 


DC 


2 to 22V 


17.3V dc 


Frequency 


TP42 


GROUND 








TP43 


DC 


2 to 22V 


17.3V dc 


Freq uency 


TP44 


DC 


2 to 22V 


16.2V dc 


Freq uency 


TP45 


GROUND 








TP46 


TTL 


Low = unlocked 


TTL high 








high = Locked 






TP49 


TTL 


10 MHz 20 ns CAL) 


10 MHz, 20 nS 




TP50 


TTL 


10 MHz 


10 MHz 




TP51 


GROUND 








TP52 


TTL 


10 MHz 10 ns (AL) 


10 MHz, 10 nS 




TP53 


DC 


7.5 +1V 




Above 245 MHz 






16 +2v 


16V dc 


Be Low 245 MHz 


TP54 


TTL 


10 MHz 


10 MHz 




TP55 


RF 


SOO MHz 


800 MHz; -10 dBm 


Below 245 MHz 


TP56 


INPUT 






To test Low- 










pass filters 





NOTE: AH - active high 

AL = active Low 
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Table 4D-11. Frequency Reference Control 



OPTION INSTALLED 


BIT 


HIGH- OR MEDIUM-STABILITY 


INT/EXT 


RMUXOK 


SHENL 




NO 


INT 


0 


1 






EXT 


0 


D 




YES 


INT 


1 


1 






EXT 


0 


0 


1 


= TTL High 








0 


= TTL Low 









Program the UUT to 320 MHz, If you can adjust the power supply to obtain about 320 
MHz output from the VCO, the VCO and binary divider are probably OK; proceed to 
paragraph 4D^ I , If you cannot change the frequency, the problem is either the V CO, or 
the UHF binary divider, UK 

Check the signal at TP 1 . It should be the same as the output frequency . The level after the 
buffer amplifier, Q3, Q4, at TP3 (use RF lest cable) should be approximately T3 dBm. 
The signal at TP17 should be a signal sideband signal with the lower sideband component 
(the desired signal) at about -20 dBm. If the only signal is the carrier frequency (same 
frequency as TP3), check the quadrature generator, and the sub-synthesizer circuitry. 
The signal out of the triple-modulus pre scalar should be approximately 16 MHz (with 
the output frequency set to approximately 320 MHz). The output of the N-Divider, 
TP 14, should be approximately 1 MHz. 

As the UUT frequency is programmed, the frequency at TP 14 should change, since the 
divide ratio is being changed. If the frequency is not I MHz and/orit doesn’t change, the 
problem is probably with the N-Divider gate array, U17, or the interface to the 
microprocessor. 

If both the reference (at TP35) and the N-Divider signals at the phase detector are 1 M Hz, 
the loop should lock when the operator removes the variable power supply. If the loop 
does not lock, check the KNV voltage at TP37. With the Signal Generator programmed 
to 320 MHz, TP37 should be approximately 1.0 to 2.0V. If this voltage is not correct, 
check the DAC U27, latches U26 and U30, and op-amp U2S. This voltage should also 
change as the operator changes the Generator frequency. 

If the KN DAC appears to function, the problem is with the phase detector. Reconnect 
the variable power supply as before, and adjust the voltage for a approximately 1 -M Hz 
signal at U44 pin 3. With this frequency slightly above 1 MHz, TP38 should be high and 
TP39 should be low. 

With this frequency slightly below 1 MHz, TP38 should be low and TP39 should be high. 
The only remaining circuitry is the loop amp U48 and the current source, U46, Q18, and 
QI9. 

If the loop is locked, but the 1-MHz, 10-MHz, or 100-MHz digits cannot be programmed, 
the problem is either the N-divider or the interface to the microprocessor. If the 100-kHz 




4D-15 



MAINTENANCE 
TROUBLESHOOTING AND REPAIR 



4D-16 



or lO-kHz digit is inoperative or the frequency jumps as the I -MHz digit is programmed, 
the problem is likely the triple-modulus prescalar. If the lower order (1-kHz, 100-Hz, 10- 
Hz) digits cannot be programmed, the problem is the sub-synthesizer or single sideband 
mixer. 

4D-38. Sub-Synthesizer and MET (800 MHz), 40-MMz Loop 

The frequency at TP24 and TP25 should be 20 MHz. The frequency at U64 pins 14 and 1 5 
should be 40 MHz. If the 40-MHz signal is present, but not the 20 MHz, the problem is 
most likely with Q4, Q5, U35, or U34. If the 40-MHz signal is in error, the problem is in 
the 40-MHz loop. 

Check the frequency at the 40-MHz VCO, U64 pin 3. It should be 40 MHz. If it is not, lift 
the op-amp end of R 169, and connect it to a variable power supply set to approximately 
6V. The signal at U64 pin 3 should be approximately a 40-MHz ECL level 
(approximately 3.2V to 4.2V) signal. By varying the supply voltage, the frequency should 
change. A similar signal should be present at U64 pin 2. Check to see if U64 pin 1 1 is ECL 
low (approximately 3.2V). 

The output of TTL buffer U65 pin 8 should be approximately 40 MHz. The output of the 
divide-by^, U66, should be approximately 10 MHz. Once again, if the frequency is 
greater than 10 MHz, pulses should exist at TP52 and the output of op-amp U60 pin 6 
should be low. If the frequency is below 10 MHz, pulses should existatTP49, and the op- 
amp should be high (approximately 24V). The loop should lock when the operator 
reconnects R169. 

If the TP checks are all right and the 800-MHz oscillator is not locked when in the HET 
band, the problem is either with the 800-MHz VCO, the divide-by-4(U6l), the divide-by- 
5 (U62, U63), or the logic that controls the switched +5V, 

Program the UUT to 320 MHz. The frequency at TP27 (the output of the sub-synthesizer 
gate array U33) should be 10 MHz if the input signals are correct. The frequency at TP12 
should be 1 MHz, and TPl 1 should be 20 kHz. There should be a20-kHzsine wavealthe 
hot end of R33. The signals at the output of the active quadrature generator, UlO pin 8 
and UlO pin 14 should be approximately 300 mv p-p sine waves that are 90° apart in 
phase. Use a dual-trace Oscilloscope for verification. 

The frequency at TP27 should change 500 kHz for a I-kHz change in the programmed 
frequency, and 50 kHz for a 100-Hz change, etc. 

4D-39. FM Circuitry 

Program the UUT to 500 MHz, JNT FM, 99.9-kHz deviation, and 1-kHz modulation 
frequency. There should be a 2V p-p 1-kHz sine wave at TP22. Program 50-kHz 
deviation, and the level should drop to 1 V p-p. Reprogram the deviation to 99.9-kHz, The 
level of the output of the KV DAC, U2S pin 7 will be approximately 1.5V p-p depending 
on the FM correction value (KV) in the EPROM. 

The signals at TP32 and TP33 should be approximately the same, depending on how R87 
is set. The output of the audio integrator should be about 1 V p-p. To check the FM range, 
program the UUT to 9.99-kHz deviation. The ac voltage at TP32 should drop to 10% of 
the 99.9-kHz value. Program 999-Hz, and the voltage should drop to 1 % of the 99.9-kHz 
value. 

The INT/ EXT FM selection is done on the A2A4 Output PCA. The controls are listed in 
Table 4D-17. 

Tables 4D-12 and 4D-1 3 provide FM range and FM DAC (10 bits) control information. 
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Tabl« 4D-12. FM Ranges 



FM DEVIATION 


FM DEVIATION WITH 


FMRN 


CHz> 


LOW-RATE FM OPTION 






(Hz) 




0 - 999 


0 - 99.9 


1 


1000 - 9990 


100 - 999 


2 


1G00O - 99900 


1000 - 9,990 


4 



Table 40-13. FM DAC Control 



FM DEVIATION 
(Hz) 


FM deviation WITH 
LOW RATE FM OPTION 
(Hz) 


FM 0 - 9 
(Bits) 


0 - 999 
1000 - 9990 
10000 " 99900 


0 - 99.9 
100 - 999 
1000 - 9,990 


FM Deviation /.I 
FM Deviation 
FM Deviation /10 
FM Deviation /TOO 



I 



4D-40. LEVEL TROUBLESHOOTING 

If the Generator level is inaccurate or an unleveled condition exists, the A2A5 Output 
assembly or the A2A6 Attenuator assembly is probably at fault. If an unleveled 
condition exists, the problem is in the circuitry ahead of the detector. Go to the 
paragraph in this section entitled Unleveled Condition, 

If there is no unleveled condition, the problem is likely in the circuitry following the ALC 
Loop, which includes the Attenuator/ RPP, the heterodyne circuit, and the output 
amplifier, Q215. If the level problem only exists below 245 MHz, then troubleshoot the 
heterodyne circuitry. If the problem is not frequency dependent and if the level is 
accurate above +7 dBm but inaccurate below +7 dBm, then the A2A5 Attenuator/ RPP is 
at fault. 

4D-41- Output Assembly Teat Point Signal Information 

Table 4D-14 presents the nominal characteristics of the signals at the various test points 
on the Output PCA. Not only the range of the signal, but also the expected value for the 
Instrument Preset State [RCL] [9][8], are given. 

4D-42. ATTENUATOR LEVEL CONTROL 

Table 4D-14 lists the Attenuator assembly (A2A5) sections that are inserted m the RF 
output path for the various level ranges of the generator. This information is useful in 
isolating a faulty section. The sections are labeled by the control line mnemonics at latch 
U27 on the Controller PCB. Note that the section is inserted in the RF output path when 
there is no power applied to the relay. 

If the Level problem exists above +7 dBm, the through path (0 dB attenuation) of the 
Attenuator may be faulty. 

4D-43. Attenuator Check 

Attenuator problems are most likely to be relay contact problems. 

To isolate the faulty attenuator section, connect a power meter to the RF OUTPUT 
connector, and check the nominal levels per Table 4D-16 at both 0.2-MHz and 1050“ 
MHz frequency. 
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Table 4D-14. Output PCA Test Points 



TEST 

POINT 


SIGNAL 

TYPE 


RANGE 


TYPICAL FOR SIGNAL 

RCL 98 DESCRIPTION 


TPI 


RF 


245 to 1050 MHz 
-18 to -52 dBm 


300 MHz 
“27 dBm 


Output of mid/high 
bandsuitch. 


TP2 


RF 


245 to 1050 MHz 
-1 0 to “25 dBm 


300 MHz 
-20 dBm 


Output of buffer 
amplifier. 


TP3 


RF 


245 to 1050 MHz 
-13 to “28 dBm 


300 MHz 
-22 dBm 


Output of switched 
low-pass filters. 


TP4 


RF 


245 to 1050 MHz 
-13 to -33 dBm 


300 MHz 
“22 dBm 


Power-splitter 
output . 


TPS 


RF 


800 MHz 
”8 dBm 


No Signal 


Het mixer LO 
signal 


TP6 


dc+audio 


-7 to 14V dc nominat 


3.1V dc 


Modulator control 
voltage. 


TP7 


dc+audio 


0-04 to 3.0V dc nominal 


1.2V dc 


Leveling Loop 
control voltage. 


TP8 


dc+audio 


0 to 2V dc nominal 


0.63V dc 


Detector diode 
voltage. 


TP9 


dc+audio 


400 or 1000 Hz, 
0i71V rms 


400 Hz 
0.71V rms 


Modulati on Osc- 
i L Lator output . 


TP10 


Ground 








TP11 


dc+audio 


0 to 0.70V rms 


QV 


FM modulation 
signal to Synth- 
esizer. 



The through-path operation of the Attenuator/ RPP can be roughly checked by 
removing the instrument and module bottom covers. Program the frequency to 1 MHz 
and the level to + 1 3 d Bm. Measure (with a high-impedance probe and an R F voltmeter or 
an oscilloscope) the level at PI02 of the A2A4 Output assembly with a power meter 
connected to the RF OUTPUT connector. If the voltmeter measures a nominal 1 V rms, 
but the power meter does not read +13 dBm, then the signal is not getting through the 
Attenuator module, and the Attenuator/ RPP is at fault. 

If the level problem is subtle rather than catastrophic, a more accurate check is required 
to determine if the fault is the Attenuator or the Output assembly. Such a check is made 
by removing the Attenuator assembly, attaching an adapter (6060A-4234: P/N 744177) 
to the interconnect point, and making power meter measurements of the A2A4 Output 
assembly output. Use [SPCL] [8][2] to disable the Attenuator correction factors. The 
level at this point should be Fat over 0.4 to 1050 MHz within typically 0.2 dB and should 
agree with the programmed level within 2 dB. 

If the problem has been isolated to the Output assembly and there are no self-test errors or 
flashing UNCAL condition, the problem is probably in the circuits following the ALC 
loop. If the problem is only in the Het band (frequency < 245 MHz), check the Het band 
switch and controls, the Het band circuits (mixer, filter, and amplifier), and the local 
oscillator signal (800 MHz, nominal -10 dBm at TP5). If the problem is at all frequencies, 
check the output amp, Q215, and the Het/function switch and controls. 
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Table 4D-15. Attenuator Level Control 



AMPLITUDE RANGE IN DBM 


ATTENUATOR SECTIONS INSERTED ] 


NDICA1 


"ED BY X 


AM Off 


AM 


On 


A6DBL 


A1 2DBL 


A241L 


A242L 


A243L 


A244L 


A245L 


7.0 


19.0 


1.0 


9.0 
















1.0 


6.9 


“5.0 


0.9 


X 














“5.0 


0.9 


-11.0 


“5.1 




X 












-11.0 


-S.1 


-17.0 


“11.1 


X 


X 












-17.0 


“11.1 


-23.1 


-17.1 






X 










“23.1 


-17.1 


-29.1 


“23.2 


X 




X 










“29.1 


“23.2 


-35.1 


-29.2 




X 


X 










“35.1 


“29.2 


-41 .1 


-35.2 


X 


X 


X 










-41 .1 


“35.2 


“47.1 


-41 .2 






X 


X 








“47.1 


“41 .2 


“53.2 


“47.2 


X 




X 


X 








“55.2 


“47.2 


“59.2 


-53.3 




X 


X 


X 








-59.2 


“53.3 


“65.2 


“59.3 


X 


X 


X 


X 








“65.2 


“59.3 


“71.2 


-65.3 






X 


X 


X 






“71.2 


-65.3 


-77.2 


-71.3 


X 




X 


X 


X 






“77.2 


“71.3 


“83.3 


“77.3 




X 


X 


X 


X 






“83.3 


“77.3 


-89.3 


“83.4 


X 


X 


X 


X 


X 






-89.3 


“83.4 


-95.3 


“89.4 






X 


X 


X 


X 




“95.3 


“89.4 


-1 01 .3 


-95.4 


X 




X 


X 


X 


X 




“101 .3 


“95.4 


-107.4 


-101 .4 




X 


X 


X 


X 


X 




-107.4 


“1 01.4 


“113.4 


“107.5 


X 


X 


X 


X 


X 


X 




“113,4 


“107.5 


“119.4 


-113.5 






X 


X 


X 


X 


X 


“119,4 


“113.5 


“125.4 


-119.5 


X 




X 


X 


X 


X 


X 


-125.4 


“119.5 


“151.4 


-125.5 




X 


X 


X 


X 


X 


X 


-147.0 


-125.5 


-147.0 


-131.5 


X 


X 


X 


X 


X . 


X 


X 



Table 4D-16. Attenuator Levels 



ATTENUATOR 


PROG LEVEL 


SPECIAL FUNCTION 


OBSERVED LEVEL 
(NOMINAL) 


6dB 


+6dBm 




+6dBm 


12dB 


OdBm 


— 


OdBm 


24dB £1 


-1 2dBm 


— 


-1 2dBm 


24d5 £2 


-1 2dBm 


83 


-12dBm 


24dB £3 


-1 2dBm 


84 


-1 2dBm 


24dB £4 


-1 2dBm 


85 


-1 2dBm 


24dB £5 


-1 2dBm 


86 


-1 2dBm 



4D-44. Unleveled Condition 

If there are self-test failures and/or unleveled indications, the problem is probably in, or 
prior to, the ALC loop. If the problem is isolated to a specific frequency band (or bands) 
and other bands work properly, check signal inputs and controls to the various filters that 
precede the modulator. See Table 4D-7 Band, Filter, and Frequency Data for band 
definition. If all frequency bands are affected, the leveling ALC loop or associated 
controls and inputs are probably at fault. 

TP6 (modulator control voltage) is a good place to monitor. With the instrument 
programmed to + 1 3 dBm, the voltage on TP6 should be between +2V and +SV dc (+4V 
to +5V dc typical). Another place to monitor is TP7 (ALC control voltage). With the 
instrument programmed to +13 dBm, and the level correction disabled [SPCL] [S][l], the 
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voltage here should be approximately 1 .6V dc. With the RF off, the voltage at TP7 should 
be OV dc. 

When the problem is isolated to a specific area, use the schematic. Theory of Operation, 
Test Point Chart, and normal troubleshooting techniques to isolate the fault. 

4D-45. AM TROUBLESHOOTING 

The following paragraphs provide information that help the operator to trace an AM 
problem to a specific circuit on the Output assembly. 

4D-46. Intemal/External AM 

If an AM problem exists, determine if the problem occurs with internal AM, external AM 
or both. This check is done by connecting a 1 V peak (2V p-p), 1-kHz signal source to the 
external MOD INPUT of the UUT and measuring AM depth. Use a ^Modulation 
Analyzer. Program the UUT to external AM and then to internal AM at UkHz internal 
modulation rate. The measured AM should agree with the programmed depth within a 
few percent. 

Tables 4D-17 and 4D-18 provide control information for modulation and modulation 
frequency selection. 

If the internal AM does not agree, but external AM is Ok, the Modulation Oscillator is 
likely at fault. If external AM is bad, but internal AM is Ok, then the problem is 
somewhere between the external MOD INPUT and the AM DAC. 

If both the external and internal AM fail, the problem is likely being caused by cither the 
modulation signal-processing circuit or the leveling loop. To determine which circuit is 
faulty, perform the following test. 
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Table 4D-17. Modulation ON/OFF Control 



INT 


AM 


EXT AM 


INTAML 


EXTAML 




Off 




Off 


1 


1 




Off 




On 


1 


0 




On 




Off 


0 


1 




On 




On 


0 


0 




INT 


FM 


EXT FM 


INTFML 


EXTFML 


FMENH 


Off 




Off 


1 


1 


0 


Off 




On 


1 


0 


1 


On 




Off 


0 


1 


1 


On 




On 


0 


0 


1 


1 = 


TTL 


High 








0 = 


TTL 


Low 









Table 4D-18. Modulation Frequency Control 



FREQUENCY 


MF400L 


400 Hz 


0 


1 kHz 


1 


1 = TTL High 




0 = TTL Low 
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4D-47. ALC Loop Control Voltage 

PROCEDURE 

1. Connect a IV peak (2V p-p), 1-kHz signal source to the external MOD INPUT. 

2. Program the UUT for 350 MHz, 7 dBm, 71% AM depth, and EXT AM ON. 

3. Measure the ac and the dc voltage at TP7. The rms voltage should be nominally 
50% of the dc voltage. 

4. Program the UUT for 35% AM depth. The rms voltage should be nominally 
25% of the dc voltage. 

If the UUT fails this test, the problem lies somewhere between the EXT MOD input and 
TP7 (ALC loop-control voltage). To further localize the problem, the same test can be 
done by measuring the ac voltage at U302 pin 8 (input to level DAC). If the measured ac 
voltage does not change as programmed AM depth is changed, either the AM DAC or its 
control is at fault. The AM DAC (A2A4U301) is an 8-bit DAC and is set to twice the 
programmed AM depth, e.g., 180 for 90% AM. 

If the UUT passes this test, then the ALC loop control voltage is correct, and the problem 
is in the ALC loop. A likely cause of excessive AM depth error and harmonic distortion is 
detector non-linearity. The following test checks detector linearity, 

4D-48. Detector Linearity 

PROCEDURE 

1 . Install the plate covers and let the UUT warm up at room temperature for one 
hour. 

2. Program the UUT for 350 MHz, 12 dBm, modulation OFF. 

3. Program [SPCL] [8l[l] and [SPCL] [9][l]to disable level correction and enable 
amplitude fixed range. 

4. Measure power with a power meter at the UUT RF OUTPUT. Note the reading. 

5. Program the UUT for 2 dBm using the EDIT keys. The measured power should 
be 10 dB ± 0.2 dB below the reading noted in step 4. 

6. Program the UUT for -8 dBm using the EDIT keys. The measured power 
should be 20 dB ± 0.4 dB below the noted reading. 

7. Program the UUT for [SPCL] [0][0]. 

If the UUT fails this test, the problem is likely to be in the detector or detector-Unearizer 
circuit. If the UUT passes the test, the problem is constrained to the other ALC loop 
elements, and is likely to be a bandwidth problem associated with the loop amplifier or 
the modulator or modulator-linearizer circuit. 



4D-49. RPP Control . , • * * 

When servicing the A2A5 A2 Attenuator/ RPP Control PCB, use the three dual-pm test 
points to aid in the troubleshooting of the assembly. The RPP can be tripped (to the 
protect position) by momentarily shorting the two points of TP I. It can be reset by 
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4D-22 



momentarily shorting TP2, Shorting TP3 reduces the level required to trip the 
Attenuator/ RPP, so it trips on the Generator’s own output. This provides a convenient 
way to verify the operation of the entire trip circuitry, although at a reduced trip level 



To cheek the trip function with TP3 shorted, it is best to program the Generator to an 
output level of + 10 dBm; then, program it for fixed amplitude range ([SPCLir9ir 1 1). This 
allows the level to be varied from a low value up to the maximum value without any 
transients that might outherwise trip the RPP. Then, starting at a low level, such as -10 
dBM (with the RPP reset), increase (EDIT) the UUT level in 1 dB steps until the RPP 
trips. RPP trip normally occurs between +10 and +15 dPm. 
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5-5. 


5-11 
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5-17 
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5-18 


A2A4 Output PCA 
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5-22 


A2A5 Attenuator/ RPP Assembly 
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5-23 


- 


- 


A2A5A4 Attenuator/ RPP PCA 


5-10. 


5-24 


5-9. 


5-24 


A2A5A5 Relay Driver/ RPP PCA 


5-n. 


5-25 


5-10. 


5-25 


A2A7 Controller PCA 


5-12, 


5-26 


5-11. 


5-27 
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5-28 
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5-28 
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5-29 
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5-1. INTRODUCTION 

This section contains an illustrated parts breakdown of the instrument. A similar parts 
list is included in the Options Section for each of the options. Components are 
listed alphanumerically by assembly. Both electrical and mechanical components are 
listed by reference designation. Each listed part is shown in as accompanying 
illustration. 

5-2. Parts List Information 

Parts lists include the following information; 

!. Reference Designation 

2. Description of Each Part 

3. FLUKE Stock Number 

4. Federal Supply Code for Manufacturers 

5. Manufacturer’s Part Number 

6. Total Quantity of Components Per Assembly 

7. Recommended quantity: This entry indicates the recommended number of 
spare parts necessary to support one to five instruments fora period of 2 years. 
This list presumes an availability of common electronic parts at the maintenance 
site. For maintenance for I year or more at an isolated site, it is recommended 
that at least one of each assembly in the instrument be stocked. In the case of 
optional subassemblies, plug-ins, etc,, that are not always part of the instrument 
or are deviations from the basic instrument model, the REC QTY column lists 
the recommended spares quantity for the items in that particular assembly. 

5-3. HOW TO OBTAIN PARTS 

Components may be ordered directly from the manufacturer’s part number, or from the 
John Fluke Mfg. Co., Inc. or an authorized representative by usingthe FLUKE STOCK 
NUMBER. In the event the part ordered has been replaced by a new or improved part, 
the replancement will be accompanied by an explanatory note and installation 
instructions if necessary. 



lo ensure prompt and efficient handling of your order, include the following 
information; 

1. Quantity 

2. FLUKE Stock Number 

3. Description 

4. Reference Designation 

5. I’rinted Circuit Board Part Number and Revision Letter 

6. Instrument Model and Serial number 
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5-4. Recommended Spare Parte Kit 

A Recommended Spare Parts Kit for your basic instrument is available from the factory. 
This kit contains those items listed in the REC QTY column for the parts lists in the 
quantities recommended. 

Parts price information is available from the John Fluke Mfg. Co., Inc., or its 
representative. Prices are also available in a Fluke Replacement Parts Catalog, which is 
available upon request. 



CAUTION 

* 

Indicated devices are subject to damage by static 
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TABLE 7-'l. 6069b FINAL ASSEMBLY 
(SEE FICURE S-1.> 



reference 
tESKlNATClR 
A->HUKeftICS > s 


PESCRIPTIDN 


FLUKE 

STOCK 

—NO— 


HFRS 

SPLT 

CODE- 


MANUFACTURERS 
PART NUMBER 
—OR (lENERtC TYPE— 


TOT 

RTY 


At 


FRONT SECTION 












a:: 


MODULE SECTION 










A3 


REAR SECTION 












H 


1 


SCREW, MACH, FHUP . S. STL , 4-32X1/4 


326693 


09534 


326093 


29 


H 


2 


SCREW, HACK , PHR SEMS , STL , 4-32X 1 /2 


177636 


B9534 


177630 


4 


H 


3 


SCREW , HAOl. PHP. STL , 1 <1-32X1 /4 


216941 


89934 


218941 


11 


H 


* 


SCREW , HACH. PHp, S. sn, . 4-32X3/6 


334436 


89534 


334458 


47 


H 


3 


SCREW, MACH. PHP.STl, 4-33X1/4 


1S3140 


Q9534 


152146 


3 


H 


6 


WASHER. FLAT, S STGEl , 44 . 9 , 01 A THK 


246471 


84928 


5716-23-14 


3 


tt 


7 


SCREW, MACH, PhP.HAC S-STl,A-32x9/32 


77323a 


89534 


772234 


i 


K 


R 


WASHER, FLAT, steel, 44,0.031 THK 


116270 


69534 


116270 


1 


H 


9 


SCREW, HACH.PHR SENS , STL , 0-32X3/6 


434039 


89534 


436030 


4 


H 


to 


SCREW, HACH, PHP SENS , STL, 4-32X1 /4 


170533 


89536 


17S333 


4 


H 


1 1 


SCREW, HACH.PMP SENS , STl. , 4-49X1 /4 


105918 


89534 


165918 




H 


12 


SCREW. HACH. FHF. STL. a-32x3/S 


114114 


09534 


114114 


20 


HP 


1 


ruP COVER 


764844 


69534 


704844 


1 


HP 


3 


BOTTOM COVER 


764874 


89534 


704074 


1 


HP 


3 


FOOT. SINGLE BAIL TYPE (SARK UNDER) 


453923 


89534 


453923 


4 


HP 


9 


NAMEPLATE. SERIAL -REAR PANEL- 


472795 


89534 


472793 


1 


HP 


3 


DECAL, FRONT CORNER 


459227 


89534 


639227 


2 


HP 


6 


SIDE TRIH 16* 


525998 


89534 


525998 


2 


HP 


7 


DECAL. REAR CORNER 


485214 


89534 


485214 


2 


HP 


6 


COVER PLATE BLANK. IEEE 


731245 


89534 


731265 


i 


HP 


? 


COVER. OUTPUT. PLATED 960 


731436 


89534 


731436 


1 


HP 


19 


COVER, SYNTHESIZER, PLATED 


792471 


69534 


792471 


1 


HP 


1 1 


COVER. Cal-PRDM 


774576 


89534 


774576 


1 


HP 


12 


CASKET, SHtELOrNC.nONCL MESH 


526326 


89534 


520320 


5 


HP 


13 


bb'CAL. operation 


7V4436 


89934 


774420 


1 


HP 


14 


SHIPPING MX 


792758 


89534 


752758 


i 


MP 


15 


SIUPPINC END CAPS 


792744 


69534 


752744 


2 


HP 


16 


CONN ACC, COAX, BNC, CAP (BUST CAP) 


478902 


89534 


478982 


1 


HP 


17 


CMASSI.T Sipe 


497427 


89534 


457627 


2 


HP 


18 


cable tie. anchor. AOHSV. 9. <23‘Tie 


467968 


89534 


407908 


2 


HP 


19 


CABLE CLAHP 


163794 


95990 


5/16-3NA 


1 


HP 


29 


CABLE TIE,4‘L.9.(9«‘U.0.7S BtA 


1 72086 


69534 


172080 


8 


HP 


21 


BRACKET, POWER SWITCH 


774489 


89536 


774489 


1 


HP 


33 


PUSHBUTTON, L6 RECT. GREEN CL REPL 


420893 


89534 


429893 


1 


P 


1 


PLUG/JACK 


101774 


89534 


191774 


5 


TH 


1 


4049B INSTRUCTION MANUAL 


792497 


69S34 


792497 


1 


TH 


2 


4949B GETTING STARED MANUAL 


794834 


69534 


794634 


1 


U 


23, 24 • 


rc, 2K X 8 EPROM 


494463 


61295 


TMS2S14JL 


2 


y 


1 


CABLE ASSEMBLY. SEHI-RI61B W 1 


731386 


69534 


731389 


1 


u 


2 


CORD, LINE, S-15/XEC,3-'18AWC,SVT 


284174 


89334 


284174 


1 


H 


3 


CABLE ASSEMBLY, CONTROLLER-POWER 


738934 


89534 


738S34 


1 



1 unprocrammed part 
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LIST OF REPLACEABLE PARTS 






LIST OF REPLACEABLE PARTS 



i 



TABLE S-2. A< PDOHT SECTION 
(SEE FIGURE 5-2. > 

N 

REFERENCE FLUKE MFRS HANUFACTURERS R 0 

BESICHATOR STOCK SFLY FART HUMfiEft TOT S T 

A-')NUrt£ftICS — > S — ‘■CESCftIFTIdN — —NO— CODE- —OR GENERIC TYPE-- QTT -Q -E 



A 


1 


• DISPLAY PCA 


73BA0F 


99536 


730609 


A 


2 


SWITCH PUD 


73BS91 


89536 


738591 


C 


2 


CaP.CCR, 270PF,+-5I. loev.coc 


4143SA 


B953A 


A143B6 


E 


i 


TERM, RING, 3/B A 7/04,S0LDR 


441972 


79963 


761 


H 


«2 


Screw, Cap, scKT, STL. B-32X3/B 


293105 


B9336 


295103 


H 


13 


SCREW . HACH , PHP SENS , STL ,4-40X1/2 


3530&0 


09536 


353060 


H 


14 


SCREW, HACH.FHP SEHS, STL. 4-40X3/14 


733730 


P9336 


732750 


MP 


10 


ADAPTOR, COAX, SNA(H),N(K1 


5IAFA3 


09336 


516963 


«P 


M 


SHIELD. DISPLAY 


731257 


89536 


731257 


NF 


12 


SHlEtn. SWITCH RF 


716B32 


$9336 


716832 


HP 


13 


CORNER ORaCKCT 


A37A01 


0FS3A 


657601 


hP 


14 


FRONT PANEL SN 


A57593 


89536 


657593 


HP 


13 


DECAL. FRONT PANEL 


774042 


89336 


774042 


HP 


1A 


PECAU. LENS, 10KHE 


774A04 


B9336 


774604 


MP 


17 


LENS DISPLAY 


A577ie 


09536 


657710 


HP 


ie 


CORNER HANDLE, FRONT 5.25 INCH 


656173 


89536 


636173 


HP 


IF 


bracket. RF OUTPUT, PLATED 


774471 


B9336 


774471 


HP 


20 


BUSHING INSULATION R.F. OUTPUT 


537003 


89536 


537903 


«P 


Z1 


SLEEV, POLYOL, SHRINK, .0F3-.046ID, BLACK 
SWITCH. LEFT CONDUCTIVE ELASTOMERIC 


149443 


69336 


149443 


S 


1 


69B3F7 


89336 


698397 


S 


2 


SWITCH, CENTER CONDUCTIVE ELASTOMERIC 


731349 


09536 


731349 


S 


3 


SWITCH. RIGHT CONDUCTIVE ELASTOMERIC 


731356 


89336 


731336 


y 


7 


CABLE ASSY HOD INPUT FRONT 


73B50B 


B9536 


730500 


X 


1 


SOCKET. 1 R0W,PWD,0.100CTR,7 POS 


520009 


30035 


SS-109-1-07 



1 

f 

1 

f 

4 

(« 



2 



2 



2 
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Figure 5-2. A1 Front Section 



I 




LIST OF REPLACEABLE PARTS 




fteFERCNCC 
0ESICNAJDR 
A->NU«ERICf— > 



A 

> 

e 

F 

H 

H 

H 

N 

H 

K 

M 

M 

H 

H 

H 

H 

N 

H 

HA 

HP 

HP 

MP 

HP 

HP 

MP 

HP 

HP 

HP 

MP 

MP 

MP 

HP 

MP 

MP 

T 

U 

U 

U 

U 

u 

u 

u 

u 



(3 

U 

\7 

td 

19 

20 
21 
22 

23 

24 

25 
20 
27 
2B 
39 
33 
25 

24 

25 
20 
27 
2B 
2V 

30 

31 

32 

33 

34 

35 
30 
37 

I 

1 

< 

2 

4 

5 

2 

(S 

ia 



TAPl.e 5-4. A3 REAR rECTlflN 

(fCE ptcuRe 5-4.) 



s .——.—description— —————— 

• POWER SUPPLY PCA 
FAM,12VBC,34CPM,3.i5»S2 
TERM.ftIMfi 00,3/32 * 2 PLACES. SOLBR 
Fuse, 1/4 X 1-I/4, FAST. 1.5A, 250V 
NUT . ELAST . STOP , HEX , STL , 6-32 
SCREW , CAP , SCKT . STL . B-32X3/B 
WASHER, SHLDR , NYLON . 03 

HUT. LOCK, S..STL,4”40 
SCREW. HACH.PHP SENS, STL, 6-32X5/B 
SCREW, MACH. STL. PMP. 6-32X2-1/2 
WASHER, FLAT, S STEEL. 06,0.032 THK 
washer. flat. FIBER, OB. 0.003 THK 
SCREW. HACM . FHUP . S . STL , 6-32X1/4 
SCREW, HACH.PHP SENS, STL, 0-32X| /4 
WASHER, SPRINC , STL , 0 . 1 36X0 .281X0. 020 
WASHER, SHLDR.Ftr>ER,«6 
NUT , ELAST . STOP . HEX . STL . 6-32 
HASHER. LOCK. IHTRHL, STEEL. 0.267 Z0 
WASHER, FLAT, ALUM. 0.125 10,0.062 THK 
PANEL. REAR 
CORNER BRACKET 

CORNER HANOLE, front 5.25 INCH 
SHOCK MOUNT, PS, 7116 
PLUG. BUTTON 
BUSHINC COVER RF OUTPUT 
IHSUL PART, TRANS, SIUCOHE, POWER 
INSUL PART. TRAMS, SILICONE, TO-3 
SLEEV.POLYOL.SMRINK, .167'-, 093IB, BLACK 
TRANSFORMER COVER, PAINTEB 
CABLE TIE, 4*L,0.|60*W, 0.75 BIA 
CABLE, EtHTL CELLULOSE, TYPE 1/2-OR 
CABLE TlE.AMCH0R.AI>MSV.0.(22*Tie 
FAN SKIRT 

RETAINER, AUX PWR SUPPLY CONN 
MEAT BIS. transistor. SN tL T03.ALUM 
TRANSFORMER, POWER 

« le.VOLT ReC,ftxCB,415 VOLTS. I.S AMPS 
4 IC.VDLT REC.F1KEB.4S VOLTS, 3 AHP.TO-3 

• le.voLT Rec.rixefi,-<5 volts, 1.5 amps 

H te.VOLT REC.ABJ.1.2 TO 37 V,1.S AMPS 

• le.VOLT ReO.PlXEB 15V0LTS,1.5A 
CABLE ASSY,RF,REF IN/OUT 
CABLE, LtNC FILTER 

CABLE ASSY AIIX TRANSPORKER 



FLUKE 

STOCK 

—HO— 


MFRS 

SPLY 

CODE- 


MANUFACTUI 
PART NUNBI 
—OR GENERIC 


744052 


69536 


744012 


706598 


69536 


706596 


132399 


78109 


2104-06-00 


109330 


71400 


ACC1-'</2 


306306 


69136 


306300 


295105 


89536 


295105 


405417 


09136 


401417 


556066 


89536 


556066 


272591 


89536 


272591 


772376 


89536 


772376 


176743 


66920 


5710-31-32 


1107153 


73734 


1472 


320093 


69536 


320093 


17B533 


69136 


170133 


571766 


69536 


571960 


f 1D3B7 


86926 


5604-47 


110641 


89S36 


1 10841 


110817 


89536 


110817 


301749 


89336 


381749 


774638 


09536 


774630 


657601 


89536' 


657601 


656173 


69S36 


656173 


732941 


69536 


732941 


760231 


69536 


760231 


538256 


69536 


538256 


534453 


69536 


534453 


473165 


55285 


7403-0B-FR-05 


113052 


09136 


113812 


731307 


69536 


731307 


172060 


89536 


172080 


100974 


69336 


100974 


407906 


69136 


407900 


792721 


89536 


792721 


746640 


09336 


740640 


740736 


69536 


740736 


717959 


69536 


717959 


413167 


04713 


HC78ISCT 


453944 


12640 


LMS23K 


413179 


04713 


MC791BCP 


460410 


12040 


LN3I7T 


772630 


69536 


772630 


746661 


69526 


740661 


774568 


69536 


774588 


748796 


69536 


746796 



TOT 

«TY 

1 

1 

1 

1 

4 

4 

4 

4 

6 

4 

0 

4 

1 




5 



I 



♦ 

2 

2 

3 
2 
1 

4 

1 1 
1 
1 
2 
2 
2 
1 
1 
1 



1 

1 1 2 
1 1 




1 

I 



1 REFERRED TO THROUOHQUT MANUAL AS A3U1 

2 PART OF A3A1 








H 
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LIST OF REPLACEABLE PARTS 



TA»LE 3-3. A7 HOPtlLE SECTION 
(£EE 3-3.) 



REfCREHCC 

9E51CHATQR 

A-^NUHERICI— 


-> S ' ^E^CRIR^^ON 


FLUKE 

STOCK 

“•'■NO— 


MFRS 

SPLV 

CODE- 


MANUFACTURERS 
PART NUMBER 
—OR GENERIC TYPE— 


TOT 

RYV 


A 


t 


■ SYNTHESIZER PCA 


772812 


89336 


792812 


1 


A 


2 


MAIN VCQ PCA 


746780 


69336 


746780 


1 


A 


A 


• OUTPUT PCA 


774321 


69536 


774521 


1 


A 


3 


■ ATTENUArOR/RPP ASSENPLV 


752A67 


89336 


732667 


1 


A 


f 


■ CONTROLi.EK PCA 


792633 


69536 


792655 


1 


A 


e 


• NUH-VOLAriLC (STORE/RECALDMEHORY PCA 


744094 


89336 


744094 


1 


BT 


1 


NAI TCRY, LITHIUM, 3. VV, 0.03AM 


A3B474 


8V336 


656476 


1 


C 


1 


CAp.CER, 1600PF ,+-SX.SBV,Cl)C 


520539 


51406 


RPEl 13 


1 


H 


3 


SCREW, MACH, PtfPO, S. .TTL , A-32X9/32 


544123 


89336 


344122 


5 


H 


i 


SCREW, MACH, PUP SEMS , .STL. 6-33X1 /4 


176533 


89536 


1 78533 


3 


K 


7 


UA.SHER . ri.AT , ,S1 EPI. , t6. 0. 031 THK 


110270 


89536 


110270 


4 


H 


0 


SCREW, MACH. PMP . MAC S "STL . A-32X9/32 


772236 


89336 


772236 


93 


H 


9 


SCREW, MACH, PHP. STL. 10"33XI/'A 


2«ft941 


89536 


210941 


3 


K 


1« 


NUT , CAP. LXT .L DtK , STL . 10-32 


559237 


89536 


559237 


1 


H 


M 


SCREW. HACH, RhR SEHS, STL . A-32XS/1 6 


530287 


89536 


530387 


4 


MR 


7 


ATOE.PCO PULL 


541730 


89536 


541730 


14 


MP 


fl 


AIRE. PCM PULI, 


341730 


89S36 


541730 


2 


HP 


9 


COMPONENT HOLDER 


422665 


98159 


2029-75-2 


1 


MP 


id 


CASKEY, SHlI:I.DlHi:,nONeL HESH.CIRCULAR 


720664 


89536 


72D664 


It 


HR 


tl 


CARLE TIE, ANCHOR. ADHSV,0.122’TIE 


407906 


89336 


407908 


1 


MP 


t2 


CAIH.E TIE,4M.,0.100'W,«.73 PlA 


172060 


69536 


172080 


1 


W 


4 


CABLE ASSY, HDD INPUT, HOSULE 


738542 


8953A 


730542 


1 


y 


(• 


CAMLE ASSEMBLY, SYNTHESIZER-POUER 


736326 


69536 


738526 


1 




\ 


assembly INCLUDES ASSOCIAYED CALIBRATED EPROM 











5^PL 




V\PlO 



HB 

40PL 



6060B-5003 



Figure 5-3. A2 Module Section 




LIST OF REPLACEABLE PARTS 







LIST OF REPLACEABLE PARTS 



TABCe 3-S. AlAl PCA 

tS££ ri£UR£ S-S.) 



RCrERENCe 
DESIGNATOR 
A->NUMERICS— > 



-PESCRJPTIDN 



CAR , T A . 4 . 7UP . +-3D31 , 50V 
7, 28, CAP.TA.lOUR,+-20i:JOV 

CAP.FOLyEy,o.iUR.+-ioj:.50v 
CAP,TA,l©tlF,*-202;,26V 
CAP,TA,3?UF,<-20%,4V 
CAP, CER, 0,001 UP, 4-20X, 100V, X7R 
DISPIAT VACUUM FLUORESCENT FREQUENCT 
DISPLAY VACUUM FLUORESCENT AMPLITUDE 
CONN, POST , PUB, .025SQ, NON''INSUL , SELECT 
CONN, PUB, PIN, CRIMP, 0.058 DIA 
RES , CF , 1 0OK , *-’5X , 0 . 25W 
RES,CF,620,*"5X,©.25U 
ReS,HF,4.04K ,+-il,0. 12SU, 100PPM 
RES,nF,31.AK,*-l3i;,0.123W.100PPH 
REs,MP,8.0&K,4-a,0.125U, 100PPM 
RES , MF , 2K . ♦ 1 X . 0. 1 25W , 1 OOPPM 
RES,MF,48.7K,+-1X,0.125U, 100PFM 
RES,CF,30K,+-5X,0.25W 
RES , CC , 1 0K , 1- 1 OX . 0 . 1 35U 
RES,CC.S40,*-10X.0.»25M 
RES.VaR,CERM,5K,4-10X,0.SU 
CONN,TAB,FASTON,PRESS-IN,O.I 10 UIDE 

• JC,LSTTL, OCTAL D F/F.*EDC TRC,W/CLEAR 

• IC,BIPLR,8CHNL FLOURESCNT DISPLY DRVR 
» IC,LSTTL,RETRC MONOSTAS MULTIVD W/CLR 
■ XC,LSTTL,DUAL 4 INPUT AND CATE 
0 XC,TTL,NEX INVERTER U/OPEN COLLECTOR 
» ZC,LSTTL,HEX BUFFER U/NOR ENABLE 
•* XC, COMPARATOR, DUAL, LO'^PUR, 8 PIN DIP 
H IC, 1.ZSV,25 PPM T.C.,BANDCAP REF 

CABLE ASSEMBLY, CONTROLLER-DISPLAY 
SOCKET, DIP, 0.100 CTR,20 PIN 
SOCKer, DIP, 0.100 CTR,18 pin 
socKer, DIP, 0.100 ctr,io pin 

SOCKET, DIP, 0.100 CTR.U PIN 
SOCKET, DIP, 0. <00 CrRi0 PIN 
RES, NET, SIP, <0 PIN, 9 RES, 1 0OK . -^-ZX 
RES.NET, SIP, 10 PIN, 9 RES , 1 0K , *-ZX 



c 


2, 


27. 


c 


30 




c 


3- 


18 


c 


23, 


24 


c 


25, 


26 


c 


29 




DS 


1 




DJ 


2 




J 


101 




J 


103 




R 


1 , 


2 


ft 


3 




ft 


4 




R 


5 




R 


6 




R 


7 




R 


S 




R 


9, 


10 


R 


Il- 


14 


R 


ls 




R 


14 




TP 


1 




U 


1 - 


5 


U 


0- 


10 


u 


1 1 , 


17 


u 


1Z. 




u 


13, 


13 


u 


14 




u 


to 




u 


10 




u 


8 




XU 


1 - 


S 


XU 


0- 


<0 


XU 


1 1 , 


14, 


XU 


12, 


13, 


XU 


10 




z 


1 




2 


2 





FLUKE 
STOCK 
— HO — 


hPrS 

SPLY 

CODE- 


MANUFACTURERS 
PART NUMBER 
— OR GENERIC TYPE — 


TOT 

QTY 


363721 


56289 


196D475X9015HA1 


1 


176214 


56289 


<96D106X0010KA< 


4 


176214 








696484 


89536 


696464 


10 


330662 


56289 


196D106X0020KA1 


2 


163915 


56289 


196D394X0020KA1 


2 


402966 


72982 


8121-A100-U5R--102M 


1 


698456 


09536 


698450 


1 


698464 


89530 


099464 


1 


267500 


00779 


97022-1 


14 


233411 


00779 


60599-3 


2 


348?20 


80031 


CR251-4'5P100K 


2 


442319 


00031 


CR251-4-5P620E 


1 


221663 


91637 


CMF559091F 


1 


261610 


91637 


CMF553162F 


1 


294942 


91637 


CMF5S0061F 


1 


233326 


91637 


CMFS52001F 


1 


2673S5 


89536 


267385 


1 


368753 


80031 


CR251'4-5P30K 


5 


246975 


01121 


BB1031 


4 


<15303 


99536 


115303 


1 


28S2S2 


75379 


360TO52A2 


1 


312S89 


02660 


62395 


1 


454892 


0I29S 


SN74LS273N 


5 


535799 


56209 


UDN61 <8A 


5 


404186 


01295 


SN74LS123N 


2 


408708 


01295 


SN74LS21N 


1 


288605 


01295 


SN7416N 


2 


483000 


01295 


SN74LS367N 


1 


478354 


12040 


LM393N 


1 


634154 


32293 


irS693S-2 


1 


738476 


69536 


738476 


1 


454421 


09922 


DILB20P-'10e 


5 


418ZS8 


91506 


318-AG39D 


5 


27653S 


91506 


3I6-AC39D 


3 


270527 


09922 


DILD8P-108 


3 


478016 


91500 


30e--AC39D 


1 


461038 


80031 


95081 00 2CL 


1 


414003 


80031 


9S0B1OO2CL 


1 



N 

0 

T 

-E 



I 

I 

I 
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LtST OF REPLACEABLE PARTS 



TABLE 5-4. A2A1 iYNTHEilZER PCA 
<SEE FIGURE 5-6. ) 



REFERENCE 




FLUKE 


MFRS 


HANUFACTURER5 




DESIGNATOR 




STOCK 
— NO— 


SPLY 

CODE- 


PART NUMBER 


TOT 

5TY 










C 


1 , 2 


CAP,CER,2.7f'F,*-0.25Pr, lOOV.COJ 


363705 


89536 


363705 


2 


C 


3. A. 62. 


CAP.CER, 0. 001 UF, *-203, 100V, X7R 


402966 


72982 


8121-A100-U5R-102M 


16 


c 


9B. 100, 181, 




402966 








c 


162,185,166. 




402966 








c 


189,190,193, 




402966 








c 


196,196,199, 




402966 








c 


215 




402V66 








c 


5, 7, 10- 


CAP , CER , 470PF , +-20X , i OOV , X7R 


258275 


72982 


81 1 i -A1 00-W5R-471H 


17 


c 


13, 20, 39, 




358275 








c 


40, 43, 52, 




358275 








c 


53,205,231- 




358275 








c 


234 




358275 








c 


8 


CAP , CER , 6 , 8PF , +-0 . 2SPF , I OOV , COH 


512327 


09536 


512327 


1 


c 


9, 15. 18, 


C AP , CER , 1 0OPr , «-2X , 1 OOV , COG 


512848 


51 406 


RPEI21 


1 1 


c 


26, 28, 64, 




512848 








c 


69,137,139, 




512848 








c 


146,152 




512840 








c 


14, 27, 30. 


CAP.POLYES, 0. lUF, ♦-2©X,50V 


732883 


89536 


732883 


73 


c 


31 , 36, 37, 




732883 








c 


49. 55, 59- 




732083 








c 


61, 63, 65, 




732383 








c 


69, 70. 72- 




732883 








c 


74, 76- 81 , 




732883 








c 


83, 64, 87. 




732883 








c 


68,101-106, 




732883 








c 


108,110,112, 




732883 








c 


120,122,132, 




732683 








c 


133,135,138. 




732883 








c 


140-145, 151 , 




732883 








c 


152.157,158. 




732883 








c 


164,165,166, 




732883 








c 


169.174,175, 




732883 








c 


180,184,188, 




732883 








c 


191,192,194, 




732883 








c 


195,200,244- 




732883 








c 


246,250,251. 




732883 








c 


253 




732883 








c 


14. 17,247 


C AP , CER . 1 2PF , 4-2X , 1 OOV, COG 


376871 


89536 


376071 


3 


c 


19 


CAP , CER , 4 . 7Pf , f-0 . 2SPP ,100V, COH 


362772 


89536 


362772 


1 


c 


24 


C AP . POLY ST . 330PF , *-1 X , 43V 


528364 


12954 


B31063/330/1/63 


1 


c 


25 


CAP , CER , 1 0PF , 4--5X ,50V, COG 


494781 


89536 


494781 


1 


c 


29. 39,202 


CAP , CER, 47PF , 4-2X, 1 OOV , COG 


512368 


89536 


512368 


3 


c 


32 


CAP , POLYST . 470PF . *-1 X, 63V 


528356 


12954 


B31063/470/1/63 


1 


c 


33 


CAP , POLYST , 1 0OPF , 4- 1 X , 63V 


528372 


12954 


B3tO63/100/1/'63 


1 


c 


35 


CAP , POL YST , 1 ©00PF , 4-1 X , 63V 


528380 


12954 


B31063/10O0/1/63 


1 


c 


41 , 42 


CAP,POLYES.0.047UF.4-ieX.50V 


714709 


89536 


714709 


2 


c 


48 


CAP.POLYEf ,0.015UF,4-1OX,50V 


714691 


89536 


714691 


1 


c 


50,207 


CAP, PaLYES.0.082UF, 4-1 0X, 50V 


714717 


89536 


714717 


2 


c 


51 


CAP , POLYES , 0 . 1 UF . 4-i OX , 50V 


696484 


89536 


696484 


1 


c 


54, 71. 91. 


CAP,TA,10UF,4-2eX,l6V 


176214 


56289 


196D106X00I0KA1 


5 


c 


127,166 




176214 








c 


58, 82,107, 


CAP.TA,39UF.4-20X.6V 


163915 


56289 


196D394X002OKA1 


4 


c 


ISO 




163915 








c 


75, 85, 86, 


CAP . CER , 22PF , *-2X , 1 OOV , COG 


512871 


89536 


512871 


6 


c 


95,242,243 




512871 








c 


92- 94,128 


CAP,TA,10UF,4-20X,35V 


417683 


56289 


196D106X0035KA1 


4 


c 


99 


CAP, POLYST , 0. O075UF , 2t , 1 06V 


484121 


69536 


484121 


1 


c 


109,111 


CAP.TA, i5UF,4-2OX,20V 


519686 


56289 


196D156XO02OKE4 


2 


c 


113,114 


CAP , POL YES . 0 . 22UF , +-1 0X , 50V 


696492 


89536 


696492 


2 


c 


115 


CAP, POLYPR. 0. 0786UF , *-1 X. 50V 


422998 


09536 


422998 


1 


c 


116,117 


CAP , TA . 3 . 3UF , ♦-20X . 20V 


436071 


01884 


196D33SX0020KAi 


2 


c 


118,183,187 


CAP,POLYES,0.47UF,4-fOX,50V 


714725 


69536 


714725 


3 


c 


119,121 


CAP, CER , 1 O00PF , 4-5X , 50V . COG 


528539 


51406 


RPE113 


2 


c 


123 


CAP,POLYST,©.022UF,4-5X, lOOV 


484147 


89536 


484147 


1 


c 


124 


CAP . POLYST , 0 . 056UF , 4-5X , 1 0OV 


284877 


89536 


284877 


1 


c 


125 


CAP, POLYST, e.027UF,4-5X, 100V 


484154 


89536 


484154 


1 


c 


126 


CAP , POLYST ,0.001 5UF , 4-2X, 1 OOV 


464113 


89536 


4841 13 


1 


c 


129,130 


CAP , TA , 82UF , ♦-20X, 20V 


357392 


12954 


D82C.'C2D20M 


2 


c 


131 


CAP , POLYCA , 5UF , »-1 OX, 50V 


313254 


84411 


X463UU5.OUF-10P-50 


1 


c 


134 


CAP.TA. 15UF,4-20X,6V 


161935 


56289 


196D156X0006-KA1 


1 


c 


136 


CAP,TA,2.2UF,4-10X,15V 


364216 


56289 


196D22SXO015HA1 


1 


c 


153,154,160. 


CAP,CER,47O0PF,4-2OX, 100V,X7ft 


362871 


72982 


8121-A10O-U5R-472H 


4 


c 


254 




362871 








c 


155,156,159, 


CAP , TA , 1 OUF , ♦-20Z . 20V 


330662 


56289 


196D106X0O20KA1 


7 


c 


161,162,167, 




330662 








c 


248 




330662 








c 


163 


CAP , POLYES , 0 . 022UF , 4-1 OX , 50V 


715260 


89536 


715268 


1 


c 


170 


CAP , CER, 27PF, *-2X, 1 OOV, COG 


362749 


51406 


RPE121 


1 


c 


171 


CAP , CER , 1 800PF , *-5X , 50V , COG 


528547 


89536 


528547 


1 


c 


172,210,21 1 , 


CAP.CER, 180PF,*-5X, lOOV.COC 


603506 


56289 


C023B50lEieiM 


1 1 


c 


214,216,218, 




603506 








c 


224.225,226, 




603506 








c 


228,230 




603506 








c 


173.208,209 


CAP, AL, 220UF, ♦5O-20X, 16V 


435990 


57640 


SH/VB 


3 


c 


176 


CAP , POLYES , 0 . 27UF , 4-1 OX , 50V 


733576 


89536 


733576 


1 


c 


177 


CAP, POLYES , 0, 1 5UF , 4-1 0X, 50V 


682955 


89536 


682955 


1 


c 


178 


CAP,TA,6.8OF,4-20X,35V 


363713 


56209 


i96D68SX003SKA1 


1 


c 


179 


CAP , CER, 2200PF , ♦-20X, 1 OOV, X7R 


358291 


89536 


350291 


1 


c 


197,219,227 


CAP . CER , 1 OPF , *-2X , 1 OOV , COG 


512343 


89536 


512343 


3 


c 


201 


CAP, CER.63PF, ♦-2X, 1 OOV, COG 


362756 


89536 


362756 


1 


c 


204 


CAP,CER,330PF.+-SX, 100V, COG 


528620 


51 406 


RPE121 


1 


c 


206 


CAP, VAR. 0.8-1 OPF. 250V, AIR 


229930 


91293 


5201 


1 


c 


212.222 


CAP , CER , 1 O0OPF , t- 1 OX , 50V , X7R 


484378 


89536 


484378 


2 


c 


213,223 


CAP , CER , 6 . 8PF , ♦-0 . 5PF , 50 , COG 


479196 


89536 


479196 


2 
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LIST OF REPLACEABLE PARTS 




TABLE »-4. A2A1 SyNTHES12ER PCA{CONT.> 
(fEE FIGURE 5-6.) 



RCFERENCE 




FLUKE 


MFRS 


MANUFACTURERS 




R 


BCSICHATOR 




STOCK 


SPLT 


part NUMBER 


TOT 


S 


A- 


) NUMERICS— -> 


S — — — — DEJ’CRIPTION- 


—NO— 


CODE- 


—OR GENERIC TYPE-- 


QTY 


-Q 


















C 


2<7 


CAP , CER , 4 . 3PF , +-0.5PF , 50V , COG 
CAP , CER , 3 . 9Pf , *-0 2SPf , 1 OOV. CO J 


514216 


69536 


514216 


1 




c 


220 


512947 


69536 


51294? 


1 




c 


221 


CAP,AL,470UF.*-20X, 16V 
CAP, VAR, 1 TO 10PF, 250V, AIR 


772855 


69536 


772855 


1 




c 


2A0 


733212 


69536 


733212 


1 




c 


241 


CAP, CER, 1 .BPF.i-O.ZSPF, lOOV.COK 


512697 


69536 


512897 


1 




c 


249 


CAP , AL , 47UF , •-20X 1 6V 


643304 


69536 


643304 


1 




CR 


5- e, 17, 


• DIODE, II, BV- 75.0V, IO*150MA, 560 MW 


263323 


07910 


1N444S 


8 


1 


CR 


18, 20, 21 


ft 


203323 










CR 


9. 10, 12- 


« DIODE, ;i,;CHOTTKT BARRIER. 5MALL fl&NL 


313247 


26484 


HP5082-6264 


7 


2 


CR 


15, 29 


• 


313247 










CR 


24- 26 


* DIODE. 51. varactor. PIV- 50V. HYPER ABRU 


722140 


89536 


722140 


4 


1 


E 


2, 7, 11. 


TERM. FAJTOK. TAB. SOLDR. 0.110 WIDE 


512689 


02660 


62395 


37 




E 


12, 14' 16, 




512889 










E 


22' 25, 27, 




512889 










E 


31- 46, 49- 




512889 










E 


54, 56- 56 




512689 










J 


1, 3, 14, 


PIN, JINGLE, PWB, 0.025 JQ 


267500 


00779 


87022-1 


12 




J 


17. 35. 55 




26750© 










J 


2.112 


« CONN.COAX, JM91M) .PUB OR PANEL 


512095 


16733 


702033 


2 




J 


101 


• SOCKET, 1 RQU,PWB,0.100CTR,9 PQf 


436774 


30035 


33-109-1-09 


2 




J 


110 


« 


436774 










J 


104,107.106. 


ft JOCKET.JINCLE PUB FOR 0.034-0.037 PIN 


732826 


89536 


732826 


4 




L 


1, 16, 21, 


CHOKE. 6TURN 


32091 1 


89536 


320911 


10 




L 


23, 29- 32. 




320911 










L 


34, 65 




320911 










L 


2. 3. 71. 


INDUCTOR, 0.10 UH,*/-16X,400MHZ. JHLDED 


257154 


24759 


MRORtO 


4 




I. 


72 




257154 










L 


4. 19, 20, 


INDUCTOR, 0.68 UH, OX. 221HHZ, JHt^^ED 


320937 


24759 


MR0.68 


10 




L 


40- 42, 44 , 


320937 










L 


56- 58 




320937 










C 


5. 10, 63, 


CORE, TOROID, FERRITE, .047X. 136X. 1 1 6 


321182 


89536 


321182 


4 




L 


64 




321182 










L. 


11 


INDUCTOR, 150 UH, +/-5X, 10.5 MHZ.JKLDED 


174763 


72259 


UCEI50 


1 




L 


17 


INDUCTOR. 220 UH.*/-5X.9.4 MH2.SHLDED 


147835 


72259 


UEE220 


1 




L 


43 


INDUCTOR, 10 UK,*’/-10X,53 MH2,JHLDED 


249078 


24759 


HRIO 


1 




L 


45 


INDUCTOR, 4 TURN 


755314 


69536 


755314 


1 




1. 


49 


« INDUCTOR ADJ 8.4MH 


704999 


89536 


704999 


1 




L 


5© 


« INDUCTOR ADJ ll.lMH 


705004 


89536 


705004 


i 




1. 


54 


INDUCTOR, 270 UH,*/-5X,8 HHZ.JKLDED 


186270 


72259 


WEE270 


1 




L 


59 


■ INDUCTOR, 125UH 


738484 


89536 


738484 


1 




L 


62 


INDUCTOR, 470 UH,*/-5X,6.5 HKZ.JHLDED 


147827 


72259 


WCE478 


1 




L 


66 


INDUCTOR, O.B2UM.«/-l OX, 200HHZ,JHLDED 


320945 


89536 


320945 


1 




L 


67, 66 


CORE, TOROID, FERRITE, ,0T9X,185X.291 


219535 


25088 


B62110A5030X025C 


2 




L 


70 


inductor, 0,044UH.+/“15X.5e0HMZ.5MLDED 


249110 


72259 


WEEOR044 


1 




L 


73 


INDUCTOR. 22 UH,4/-10X,38 HHZ.SHLDED 


147643 


72259 


WEE22 


1 




HP 


40 


• COKPQNENT HOLDER 


422865 


98159 


2829-75-2 


1 




P 


101,102,111 


* JOCKET.XICNLCiPHB FOR ,042-. ©49 PIN 


544056 


69536 


544056 


7 




0 


2, 33, 37 


« TRANSISTOR. ;;.NPN.HI-FREQ.5HAU SICNL 


535013 


04713 


BFR9I 


3 




G 


3 


« transistor. ri.NPN.MI-FREQ. SMALL SICNL 


723379 


89536 


723379 


1 




G 


4, 5 


• TRANSlSTOR.SliPNP.NI-SPEED SWITCH 


369629 


07263 


543576 


2 




G 


10- 12 


• TRANSIST0R,SI,N-JFET,TD-92 


604678 


17856 


J2464 


3 




G 


13, 14 


• TRANSISTOR,SI,H-DMOS FET.TO-72 


477729 


18324 


SD21 3EE 


2 




e 


15. 21. 23 


• TRANSISTOR, SI, NPN. SHALL SIGNAL 

« transistdr,si,npn,small signal 


218396 


04713 


2N3904 


3 




Q 


16, 17 


248351 


04713 


HPS918 


2 




Q 


18, 19 


* TRANSISTOR.SI,PNP,SMALL SIGNAL 

• transistor.si.npn.darlington 


225599 


07263 


2H4250 






6 


20 


381798 


04?l3 


MPSA-13 






0 


22 


p TRANSISTOR.SI.PNP.SMALL signal 


195974 


64713 


2N3906 


1 




0 


26, 27, 38 


• TRANSISTQR.S1,NPN,SHALL SIGNAL 


218081 


04714 


MPS6520 


3 




0 


26 


• TRaNS1ST0R,SI',PNP,SMALL signal 


41 8707 


04713 


MPS56S62 






G 


32. 35 


• transistor,si,npn,small signal 


483156 


89536 


463156 






G 


39. 40 


• TftANSISTOR,SI.N-JFET.OHF/VMP USE 


403634 


12040 


J3i0 










RES.CC, I20,«-IOX,0.5W 


108696 


01121 


EB1211 






R 


2,159.201 , 


R£S,CF,0.51 ,*-5X,0.25W 


381954 


80031 


CR251-4-5P0R5E 






R 


209 




381954 












3, 25. 32 


RES.CC. 51 ,*-5X, 0.1 25W 


266262 


01121 


BB5105 


3 








AES,CF,430.*-5X,0.25W 


441568 


80031 


CR251-4-5P430E 


i 




R 


5 


R£S.CC.24,i-5X,©.125W 


681932 


89536 


681932 




R 


6, 56- 56. 


RES.CC. 100, *-5X.0.125W 


714469 


89536 


714469 


21 




R 


66- 69,124, 




714469 










R 


127,133-139, 




714469 










R 


210,212,215. 




714469 
















714469 










R 


7, 44, 94. 


RES, CF, IK, *-5X,e.25W 


343426 


80031 


CR25I-4-SP1K 












343426 




CR251-4-5P470E 










RES . CF , 470, *-5X ,0 . 25W 


343434 


80031 






R 


9. 39 


RES, CF, 200, ♦-SX,0.25U 


441451 


80031 


CR251-4-5P200E 


2 

1 




R 


10 


RES , CC , 33, +-5X. 0 . 1 25W 


720920 


89536 


72092© 




R 


11. 74,100 


RES,CF,1 .5K.+-5X.0-25M 
RES CC 510 +-5X 0.125W 


343418 


80031 


CR251-4-SP1K5 


2 




R 


12, 46,165, 


715383 


89536 


715383 






R 


167, 171.172. 




715383 










R 


177,21 1 




715383 






1 






13 


RES.CC, 150, *-5X,0.5W 


186056 


69536 


186056 




R 


14, 15,198, 


RES , CC , 30 . t-5X, 0 . 1 25W 


512723 


01121 


883005 






R 


241 




512723 






1 




R 


20 


RES , CC , 47, *-5X, 0 . 1 25W 


512061 


01121 


8B4705 




R 


n 1 •^•*1 


RES,CC,15,*-10X,e.l25W 


261800 


89536 


261800 






R 


23. 24. 40 


RES,CF,56,*-5X,e.2SW 


342618 


80031 


CR251-4-5P56E 


3 




R 


26. 31. 65. 


R£S,HF,100,+-1X,0.125U,100PPH 


168195 


91637 


CMFS51000F 






R 


101 




168195 






1 




R 


27 


RES.HF,ie.2K,+-l!t.O-125W.lOOPPM 
RES . MF , 1 0 . 7K . +- 1 X , 0 . 1 25U . 1 06PPH 


236810 


91637 


CMF55 




R 


28 


293613 


91637 


CMF55 






R 


29 


RESiHF.ll ,3K,4'-1X,0.125W,100PPH 


293639 


91637 


CHrS51132 


1 




R 


30 


RES,MF,2e,7K.«-lX,O.I25W,100PPH 
RES.CF.Sl ,+-5X,0.25W 


2351 76 


91637 


CMF552872F 


1 




R 


33,161 


414540 


80031 


CR251-4-5P51E 


2 




R 


41 


RES . CF . 270. •-SX . 0. 25W 


348789 


80031 


CK251-4-5P270E 


1 
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LIST OF REPLACEABLE PARTS 




TABLE 5-i. fl2rt1 SYNTtlCJIZCR PCA (CONI.) 
FICUR£ S-&.) 



REFERENCE 




FLUKE 


MFRS 


MANUFACTURE) 


DESICNATOR 




STOCK 


SPLY 


PART NUMBER 


A- 


• >NlJMERICi--'-> 


S * DEJCRIPnON , 


-»N0— 


CODE- 


— OR GENERIC TYI 


R 


il 2 


RE.7.CF.186,*"5X,6.25U 


441436 


80031 


CR251-4-5Pt80e 


R 


43 


RE5’,CF,9l,T--5%,0.25U 


441683 


80031 


CR251-4-5P91E 


R 




RES,CF,2.7K,*"S%.0.25W 


386496 


86631 


CRZ51-4-5P2K7 


R 


72 


RE3’.CF,51K,*-5X.0.25W 


376434 


80031 


CR251-4-5P51K 


R 


73 


RE5.CF,3.3K,<-5X,6.25W 


348813 


80031 


CR251-4-5P3K3 


R 


75. VA 


R6^.«F,16K,+-1X,0.123«,166PPM 

ReS.MF.96K.i-6.U,6,Z3U.30PRM 


168260 


91637 


CMFSSI002F 


R 


77 


225763 


89536 


225763 


R 


78 


REi’. «F , 9K , ■t- 6 . 1 X , 6 . 23W , 36PPM 


236695 


09536 


236695 


R 


79 


R£S , MF , 1 K , +-6 . 1 X , 6. 23W , 36PPH 


225813 


89536 


225813 


R 


80. 83. 91 


RES’,TIF,4.99K,t-1X,6.125M,160PPM 


168252 


9163? 


MFF1-B4991 


R 


81,182,191 


RES,HF, 1K,+-1X,0.125U,166PPM 


168229 


91637 


CKF551001F 


R 


82 


RES , VAR , CERM , 5K , •-! OX, © . 5W 


288282 


75378 


360T052A2 


R 


83 


RES,CF,75K,*-5X,e.25W 


394130 


80631 


CR251-4-5P75K 


R 


B4, 83 


RES,MF,3.01K,+-1X,0.1251J, 100PPH 


,312645 


91637 


CMF55301 IF 


R 


86 


RES , CF, 200K . ■•-5X. 0.25W 


441485 


86631 


CR251-4-5P206K 


R 


87 


ft£S,VAR,CERH.2K,i-16X.6.5U 


309666 


89536 


309666 


R 


89,231 


RES , MF , 4 , 62K , *-1 X , 6 . 1 23W . 1 06PPH 
ftES.VAR.CeRM.1K.+-16X.6.3U 


235325 


91637 


CHF554021F 


R 


96 


275756 


11236 


360T-102A 


R 


92, 93,113- 


RESr.NF, 499. +-1X, .6,1 Z3U, 166PM 


166211 


91637 


CHF554990F 


R 


113 




168211 






R 


93 


RES,CF,9.1K,*-5X,0,25M 


441691 


86031 


CR251-4-5P9K1 


R 


96 


RES, CF , 026 , I-5X , 0 . 25W 


442327 


80031 


CR251-4-5P826E 


R 


97 


RES,CF,6.8K,*-5X,6.25W 


368761 


80031 


CR251-4-5P6K6 


R 


98,121 


RES.CF, 166,+-3X,6.23W 
RES.MF, 1 .5K,1-1X,6.1Z3W, 166PPM 


348771 


80031 


CR251-4-5P100E 


R 


99 


313690 


91637 


CHF551501F 


R 


162,119,129 


RES.CF,16K.+-5X,6,23U 


348839 


80031 


CR251-4-5P1GK 


ft 


163 


RES,CF,4.7k,4-SX.6,25W 


348821 


61121 


CB4725 


R 


164 


RES, VAR , C£R« , 1 OK . +-1 6 X . 6 . 5U 


369674 


75378 


360T103A 


R 


163 


RES,CF.ieK,+-5X.6.25U 


348862 


66631 


CR251-4-5P10K 


R 


166 


RES,CF,2K.+-5X.0.25U 


441469 


86031 


CR251-4-5P2K 


ft 


167 


RES,HF,3.48K,+-1X,0,12SU, tOOPPM 


266687 


91637 


CHF553481F 


ft 


168,116 


RES.MF, 1 ,27K.+-1X.O.123kl.l06PPM 


267369 


91637 


CMF55I271F 


R 


169,111 


RES.CC.516.+-SX.6.5U 


108951 


01121 


RC020CF511JS 


R 


1 16, 1 1 2 


RES,CF,36,+-5X,0.25kl 


442236 


00031 


CR2S1-4-5P36E 


R 


117.118 


RCS,CF,226.*-52.6.25W 


342626 


00031 


CR251-4'5P220E 


R 


126.163 


RES,CF,4.7K,-^-S%,6.25U 


348021 


01121 


CB4725 


R 


122 


RES . CF , 8 . 2K . t-5X , 6 , 25u 


441675 


80031 


CR251-4'5PaK2 


R 


123 


RES.CF,33K,*-5I,6.25U 


349888 


80031 


CR251-4-5P33K 


k 


143 


RES,CC,30e,+-5X,6.123H 


512772 


01121 


BB3015 


R 


146 


ftCf,CC,18,i-3X,6.12S« 


500397 


61121 


bPl805 


R 


147, 186,218, 


ReS,Ct,47,T-5X,0.12SW 


Si 2061 


61 1 21 


BB4765 


R 


219 




512061 








148, 153, 162, 


RES,CC,16K,*-3X,6.1 23W 


643940 


Ot 1 2 l 


EB1 635 


R 


235.326 




643940 






k 


1 49,21 7, 246 


RES,CC.330,*-5X,6.125N 


643965 


Oil'’! 


BB3315 


R 


156 


RES,CC.1 .2K.*-16I,6,125U 


115329 


89536 


115329 


R 


151 ,222 


RES,CC,1K,*-SX,6.12SU 


643932 


01121 


BB102S 


R 


166 


RES,CF,750.-<-SX.6.35U 


441659 


80031 


CR2SI-4-5P7S6E 


R 


164 


RES,CF,300,*-Sl,6.25W 


441519 


80031 


CR'’5l-4-5P360e 


R 


178,179 


RES,CF,5.6,*“5X,e.2SW 


441610 


00031 


CR2S1-4-5P5R6 


R 


180,192 


ft6S,HF.i7©,*"‘1X,C.125W,l00PPH 


442996 


69536 


442996 


R 


161,193 


RES.MF, 1 .05K. t-1X,©.125W, lOOPPM 


293530 


91637 


CMrSSIOSlF 


R 


183, 194 


R£S,HF.3.24K,i-lX,6.125W, lOOPPM 


223578 


91637 


CMF55324IF 


R 


184,193,197, 


RES,CC,iaO,*-3X,6.125K 


sorsb 


61 121 


Bfn815 


R 


266 




512756 






R 


183,199 


RES.MF, 24 9,*-1 X. 6. 1 25U, lOOPPM 


168263 


91637 


CMF55249F 


R 


187,189 


fteS,CC.126,T-5X,6.12Skl 


513978 


61121 


BB121S 


R 


188,196 


ReS,CC.l2,T-5X,6.125W 


71 4451 


87536 


714451 


R 


196 


ft£S,CF.3.1,T-3X,6.25W 


44128? 


86631 


CR251'4-5P5R1 


R 


213,214 


RES , CC , 266 , «-5X, 6. 1 25U 


713917 


89536 


713917 


R 


226 


R£S.CC,276,+-3X,6.125U 


Sl??64 


01121 


BB2715 


R 


221 


RES, CF, 1 OK , ♦- 3X,6.25N 


573394 


86031 


CR251-4-5PI0K 




223 


RES , MF , 6 . 64K . i~l X ,6 . 1 25«, 1 60PPM 


285189 


91637 


CMF556041F 






RES.MF, 15k, t-lX,6.125U, 1 66PPH 


285296 


91637 


CMF551502F 






RES , MF , 1 06K . +-1 X . 6 . 1 25W , 1 66PPM 


24880? 


91637 


CMF551663F 


R 


22a 


RES,CF,56,+-5X, 6.25U 


641068 


89536 


641668 






RES,HF,9.09K.+-1X,6.125U, 166PPM 


221663 


91637 


CMF559691F 


R 


230 


RES, VAR, CERM. 2k , 4-262, 6 . 5U 


226076 


90294 


3329H1202 


R 


232 


RES,CF,1 ,3K,*-5X,0.23W 


441394 


80031 


CR251-4-5P1K3 


R 


233 


RES,CC,686,*'5X,0.125U 


31 2796 


01121 


BB6815 


R 


234 


RES,CC,15K,4-5X,«.25W 


148M4 


61121 


CB1535 


R 


233 


KES.CF, 1M, ♦-SX, 6.25N 


34B9B7 


B0031 


CP251-4-5P1M 


R 


236 


RES.CC, 560, 4— 52,6. 123U 


782939 


89536 


782839 


R 


237,242 


RES.CC, 1 60, 4— lei, G. 125U 


261026 


OH 21 


BBlOll 


R 


238,239 


RES, CC, 390,4-52,0. 12SU 


782021 


89536 


792821 


U 


1 


• IC.VOLT REt,FIXED,*5 VOLTS. 0.1 AMPS 


429910 


07263 


UA78L05ANC 


u 


1 


« IC,ECL,1.3 CMZ OIVIDE »Y 2 


707943 


89536 


707943 


u 


6 


3DB COUPLER 


704965 


89536 


704965 


u 


6 


• IC.STTL, 366 CELL GATE ARRAY 


723706 


89556 


723700 


u 


7, 8 


MIXER, 6 CIU 6 LE BALANCED, 1 - 500 MHZ 


733165 


69536 


733105 


u 


9, 25 


P IC.BPLR.MONOLOTHIC VHF-UHF AMPLIFIER 


423587 


89536 


423307 


u 


16 


« IC.OP AMP.OUAD, JFET INPUT. TO-5 CASE 


403438 


89536 


483438 


u 


IS. 58 


* IC.TTL.IOOMMZ DIV BY 2,0IV ST 5 CNTR 


473835 


01295 


SN74S196N 


u 


16 


■ IC,L,9TTL,PUAL DIV BY 2, DIV BY 5 CHTR 


483594 


61295 


SN74LS390N 


u 


17 


• IC.STTL, 360 CELL CATE ARRAY 


723718 


89536 


723718 


u 


18 


■ IC.ECL.DUAL D H/S F/'F,W/SET 6 RESET 


454959 


64713 


MC10131P 


u 


19 


• IC.ECL.QUAD Z INPUT NOR CATE 


386881 


64713 


MC16102P 


u 


26 


• IC,ECL,DIV BY 16, DIV BY 11 COUNTER 


454960 


89536 


454900 


u 


26, 36' 32 


■ IC.LSrTL, OCTAL D F/F,*EDC TRC. M/CLEAR 


454892 


61295 


SN74LS273N 


u 


27, 29 


« IC.CHOS, lOBlT DAC,iOBIT ACCUR.CUR QUT 


567566 


24355 


AD7533LN 


u 


28 


* IC.OP AMP, DUAL, JFET INPUT , 8 PIN DIP 


495192 


12640 


LF353BN 


u 


34 


« IC.PTTL. 6 UAD 2 INPUT HAND CATE 


654646 


07263 


74F00PC 


u 


35, 66 


* IC.PTTL.DUAL D F/F.4EDC TRC,U/CL 6 SET 


659566 


07263 


74F74PC 



N 

R D 
TOT S T 
OTY -ft -E 



t 

1 

1 

1 

< 

2 

1 

1 

1 

3 

3 

1 

1 

2 

\ 

1 

2 

1 

5 



1 

1 

1 

2 
{ 

3 

1 

1 

\ 

1 

1 



2 

2 

3 
2 
1 
1 
J 
1 

4 



5 



3 

1 

2 

1 

1 

3 

2 

2 

2 



2 

2 

2 

1 

2 

< 1 
2 



1 

1 

1 

1 

2 

{ 

1 

2 

1 

1 

1 

1 

1 

4 



1 



1 

1 







5-14 



2 



I 
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TABLE 5-6. A2A1 SVNTKESIZER PCA 
(SEE FIGURE 5-6. ) 



REFERENCE 
DESIGNATOR 
A->NUMERICS > 


S 


DESCRIPTION 


FLUKE 

STOCK 

—NO— 


MFRS 

SPLY 

CODE- 


MANUFACTURERS 
PART NUMBER 
—OR GENERIC TYPE— 


U 


37 






lC,LSTTL,3-8 LINE DCDR M/ENABLE 


467585 


61295 


SN74LS138N 


u 


3S 




* 


IC,LSTTL,OCTL LINE DRVR U/3-STATE OUT 


429635 


01295 


SN74LS244N 


u 


Ai 




« 


1C, OP ANP.QUAD JFET INPUT, 14 PIN DIP 


659748 


89536 


659748 


u 


42 




« 


IC, COMPARATOR, QUAD, 14 PIN DIP 


3B7233 


12040 


LM339N 


u 


43, 


44, 59 


fl 


1C,STTL,DUAL D F/F,*EDG TRC,M/SET6CLR 


418269 


01295 


SN74S74N 


u 


45, 


65 


« 


1C,STTL,CUAD 2 INPUT NAND GATE 


363580 


01295 


SN740OSN 


u 


46 






IC, ARRAY, 5 TRANS, 5 ISO: 2-PNP.3-NPN 


418954 


02735 


CA3696E 


U 


47 




ft 


IC.LSTTL.RETRC MONOSTAB MULTIVB W/CLR 


412734 


01295 


SN74LS122N 


u 


48, 


60 


ft 


IC,OP AMP, JFET INPUT, 8 PIN DIP 


472779 


12040 


LF3B6N 


u 


49 




« 


IC.OP AMP, SELECTED GBU 600KHZ 


418566 


12040 


LM358N 


u 


58 




ft 


ISOLATOR. OPTO, LED TO TRANSISTOR.DUAL 


454330 


07263 


MCT-6 


u 


54 




ft 


IC.STTL.QUAD 2 INPUT NAND GATE 


363580 


01295 


SN7406SN 


u 


55 




ft 


IC.STTL.HEX INVERTER 


418004 


01295 


SN74S04N 


u 


61 




ft 


IC.ECL, DIVIDE BY 4 PRESCALER 


722157 


89536 


722157 


u 


63, 


64 


ft 


IC.ECL,DUAL D M/S F/F,*EDC TRG 


525345 


04713 


HCI0231L 


u 


64 




N 


IC.ECL, TRIPLE 2/3 INPUT QR/NOR CATE 


723437 


89536 


723437 


u 


67 




ft 


IC,CQMPARAT0R,H1 -SPEED.n PIN DIP 


386920 


18324 


NE529A 


u 


68 




ft 


IC,STTL,DUAL D F/F,tEDG TRC.U/SET6CLR 


418269 


01295 


SN74S74N 


u 


69 




ft 


IC,OP AMP, JFET INPUT, 8 PIN DIP 


4727V9 


12040 


LF386N 


u 


70 




ft 


IC,CHOS, SPOT ANALOG SUtTCH 


723742 


89536 


723742 


u 


71 




ft 


IC.1.STTL,RETRC MONOSTAB MULTIVB U/CLR 


412734 


01295 


SN74LSI22N 


VR 






ft 


ZENER. COMP, 6.4V, 3X, 1 PPM TC, 2.6MA 


357848 


04713 


SZG201 18 


VR 


11 




ft 


ZENER, UNCOMP, 16.0V,10X, 12.5MA, 0.4U 


113324 


07910 


1N961A 


VR 


16 




ft 


ZENER, UNCOHP, 8.2V, 5X, 20.0MA, 6.4U 


386771 


04713 


1N7S6A 


u 


1 , 


2 


ft 


CABLE ASSY, RF JUMPER 


716985 


89536 


716985 


XU 


to, 


15, 34- 




SOCKET, IC, 14 PIN 


276527 


09922 


D1LB8P-168 


XU 


36, 


41- 45, 






276527 






XU 


47, 


58, 59. 






276527 






XU 


65 








276527 






XU 


16, 


18. 19, 




SOCKET. IC, 16 PIN 


276535 


91506 


316-AG39D 


XU 


27. 


29, 37. 






276535 






XU 


46, 


62- 64 






276535 






XU 


17 






SOCKET, IC, 28 PIN 


448217 


91S66 


328-AG39D 


XU 


26, 


36- 32. 




SOCKET, 1C, 26 PIN 


454421 


09922 


DILB26P-168 


XU 


38 








4S4421 






XU 


28, 


48- SO, 




SOCKET, IC, 8 PIN 


47U616 


91366 


36e-AC39D 


XU 


66 








478616 






XU 


33 






SOCKET. IC. 24 PIN 


376236 


91566 


324-AC39D 


V 


1 




II 


CRYSTAL, 16HHZ. 4-6. 061 X,liC-3S/U 


536565 


33696 


PB1366 


z 


1 






RES, NET, CERH, CUSTOM 


S61641 


89536 


561841 


z 


S 






RES, NET, SIP, 16 PIN, 9 RES,5I6,«-2X 


478666 


09536 


478866 


z 


6 






RES. NET, SIP, 6 PIN, 5 RES , 1 06X . 6-2X 


412726 


89536 


412726 


z 


9 






RES. NET. DIP, 16 PIN, 8 RES,tK,4-SX 


358119 


61121 


314 


z 


16 






RES.NET, SIP, 6 PIN. 5 RES,S16,i-2X 


439974 


89536 


459974 



N 

R 0 
TDT S T 
QTY -P -E 



3 

2 

( 

1 

2 



2 




ie 



s 

5 



( 
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TABLE S-7. A2A2 VCO PCA 
<SEE FIOURE S-7.) 



REFERENCE 

DESIGNATOR 



FLUKE 

STOCK 



NFRS 

SALT 



MANUFACTURERS 
PART NUMBER 



A- 


>NUMERICS > 




— NO— 


CODE- 


—OR GENERIC TYPE — 


QTV 


C 


1, 4, b, 


CAP, CER.330PF, 9-303, 50V, K7R 


650093 


89536 


650093 


11 


C 


<9, 13, U, 
20, 26, 32, 




650093 








c 




650093 








c 


33, 36 
2 




650093 








c 


CAP,CER,1800PF,*-5X,50V,C0G 


528547 


99536 


538547 


1 


c 


3, 30 


CAP , CER , 1 . 5PF . *-0 . 5PF , 50V , COG 
CAP,CER,4.3PF,*-0.5PF,5OV,COG 
CAP , CER , 1 80PF , +-5X , 1 OOV. COG 


514166 


89536 


514166 


2 


C 


S, 15 


514216 


89S36 


514216 


2 


c 


7-“ 9, 12, 


603506 


56269 


C023B501E181M 


12 


c 


16- 19, 22, 




603506 








c 


S3, 26, 27 




603506 








c 


11. Si 


CAP , CER , 1 0PF , *-SX , SOV, COG 


494701 


99536 


494781 


2 


c 


24, S3 


CAP , AL , 220UF , 950-20X , 1 6V 


435990 


57640 


SM/VS 


2 


c 


29, 31 


CAP , CER, 3* 3PF , *-0 . 5PF , 50V , COG 
CAP, CER , 1 OOPF , 9-5X , SOV , COG 
CAP . CGft . 2 . 7PF , +-0 . 3PF . 50V , COG 


514208 


99536 


514206 


2 


c 


34 


514133 


89536 


S14I33 


1 


c 


35 


519793 


89536 


519793 


1 


c 


36, 37 


CAP. C£ft.23PF.+-2X, 100V, COG 


512871 


89536 


512871 


2 


CR 


1 , 2 


DIODE, SI, VARACTOR, P1V- 2SV 


741504 


89536 


741504 


2 


LK 


6, 4 


■ DiUDb,SI,VARACtUK,P1V« 30V,HYKtN ABKU 


732140 


69536 


722140 


2 


L 


1 


CHOKE, 6TURN 


330911 


89536 


32091 1 


1 


HP 


3 


SPACER, RND, SOLUBLE 


334797 


32559 


T0“35“15-E 


4 


P 


201 ,202 


CONN, SOCKET, PUB, 0.049 DIAMETER 


544056 


99536 


544056 


3 


P 


303 


CONN, SOCKET, PUB, 0.022 DIAMETER 


376418 


22526 


75060-005 


1 


P 


304 


PIN TEST BASE 


698473 


89536 


698472 


1 


Q 


1, 3 


4 TRANSISTOR,SI,NPN,SHALL SIC, MICROUAVE 


493164 


89536 


483164 


2 


Q 


3, 4, S 


4 Transistor,si,npn,hi-freq,small xignl 


535013 


04713 


BFR91 


3 


ft 


1. 9, 23 


RES CHIP CERMET 160 9-SX 0.1 25U 


720649 


99536 


720649 


3 


R 


3, 16 


RES , CC , 360 , 9-5X ,0.1 25U 


721761 


89536 


721761 


O 


R 


3, 17 


RES , CC , 660, *-5X, 0 . 1 25U 


512799 


01121 


B8681S 


2 


R 


4, 19 


RES.CC, 1 .6M,9-5X,0.125U 


740316 


99536 


740316 


n 


R 


2. 11 

6, 16 


RES,CF,S.6,*-5X,0.25U 


441619 


80031 


CR251-4-5P5R6 


2 


R 


RES.CF.I .5M,9-SX,0.25U 
RCf.MF.3.24K.+-1X.O.l25N,10©PPM 


349001 


80031 


CR251-4-5P1M5 


2 


R 


7. 21 


223576 


91637 


CMF553241F 


2 


R 


fl, 22 


RSS.MF.l .03K.+-1X.0.125W,ieOPPM 


293530 


91637 


CMF55I05-1F 


2 


R 


10, 24 


RES,MF,249,*-IX,0.125U,100PPM 


160303 


91637 


CMF55S49F 


2 


R 


12, 26 


RES CHIP CERMET 12 9-SX 0.1 25U 


715102 


09536 


715102 


2 


ft 


13 


RES, CHIP, CERH, 68, *-5X, 0. 1 2SU 


747675 


89536 


747675 


1 


ft 


14 


RES , CHIP , CERM, 1 20 , 9-'5X ,0.1 2SU 

ftes.cc. 100 .+-SX.O. 125 U 


747683 


89536 


747683 


1 


R 


IS 


714469 


69536 


714469 


1 


R 


20 


REf,CF,1OK.+-5*.0.2SU 


346039 


80031 


CR351-4-5P10K 


1 


ft 


25, 30 


RES.MF.649,+-1X,0.12SH,100PPM 


309955 


91637 


CMF556490F 


3 


R 


27, 29 


RES CHIP CERMET 130 +-5X 0.1 25W 


730623 


99536 


720633 


2 


R 


28 


RES CHIP CERMET 47 +-5X 0.125U 


730631 


99536 


730631 


1 


R 


31 


RES.CC.13.+-5X.0.125U 


512713 


01121 


991505 


1 


R 


32 


RES,CC,200,9-5X,0.I25U 


713917 


99536 


713917 


1 


R 


33 


RES,CC,399,4-5X,0.SU 


1 09002 


99536 


109082 


1 


U 


2 


UT-eS MINIATUR, TOTAL SHIELDED 


367567 


99536 


267567 




THE 


FDLLOUINC COMPONENTS ARE NON FIELD REPLACEABLE: 










Cl , 


3,4,5,6,9,10, 


11,14.15.10.19.21.26.27.29,31.32,36,37 










CRI 


.3,3,4 












Qi< 


2,3,4 












R1 , 


2,3,4,16,17,18,19,25,30 
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I 









TflULe 5-8. OUTPUT PCA 

<SEE FICURE 5-8.) 



REFERENCE 




FLUKE 


HFRS 


HANUFACTURERS 




R 


DESIGNATOR 




STOCK 


SPLY 


PART NUHBER 


TOT 


S 


A- 


>NUHERICS — -> 


S — ——DESCRIPTION— — ———— 


—NO— 


CODE- 


—OR GENERIC TYPE— 


«ty 


-a 


C 


IDt, 104,106, 


CAP , CER, 1 88PF . ♦-2X , 1 ©OV . COG 


312848 


51406 


RPE12I 


40 




c 


115-117,137, 




312848 










c 


.1.38,144,151, 




512846 










c 


152,154-136, 




312646 










c 


231,238-240, 




512848 










c 


243,246,247, 




512848 










c 


250,253,301, 




312848 










c 


303,305,307- 




312848 










c 


314.317-321, 




312848 










c 


416 




512648 










c 


103,145,148, 


CAP,PDLYCS,0.IUF.4-20X,3CV 


732803 


89536 


732883 






c 


201.207,210, 




732883 










c 


213,214,235, 




733883 










c 


243.240,260. 




732883 










c 


265,266,272- 




732883 










c 


274,302, 304, 




732883 










c 


306,403,404. 




732883 










c 


406,412,421 , 




732883 










c 


422 




732083 










c 


107.124.147, 


CAP , CER , 0 . 00 1 UF , 4-20X . 1 OOV . X7R 


402966 


72982 


812I-A100-U3A-102H 


M 




c 


157,242,334- 




402966 










c 


256,259.267. 




402966 










c 


270 




402966 










c 


108,119,121- 


CAP.CER.3.6Pf.+-0,25Pf. 108V, COM 


512934 


B9336 


312934 


5 




c 


123 




312934 










c 


109,110,110 


CAP,CER,3.9PF.+-0,23PF,100V,COJ 


512947 


695361 


512947 


3 




c 


111,236,237 


CAP , CER. 3 . 3PF , 4-0 . 23PF , 1 80V. CO J 


519330 


89536 


519330 


3 




c 


112,113 


CAP, CER , 2 . 2PF, 4-0 . 23PF ,100V, CSC 


362731 


89536 


362731 


2 




c 


114.244,248, 


CAP , CCR, 1 . 8PF , 4-0. 2SPF ,100V, COK 


312897 


89336 


512897 


4 




c 


263 




312897 










c 


120.224,275 


CAP,CER,2.7PF,4-0.25PF, 100V, COJ 


363703 


89536 


363785 


3 




c 


123.127.120, 


CAP,C£ft,0.eiUF,4-20X,50V,ZSU 


614214 


72982 


812I-058-651-18NFH 


7 




c 


131,133,135, 




614214 










c 


149 




614214 










6 


126 


CAP,AL.,32UF,F-28X,16V 


61 4750 


69536 


614750 


1 




c 


130,134 


CAP,AI.,1SUF,t-2«X.3SV 


614024 


89536 


614024 


2 




c 


189 


CAP. CER , 1 200PF, 4-20X ,100V, X7R 


338283 


72982 


8121-A10«-'W3R-1Z2H 


1 




e 


148 


CAP. CCR , 1 800PP , 4-5X. 50V , COG 


326547 


69336 


S28547 


1 




c 


142 


CAP, CER , 4708PF , 4-28X ,188V, X7R 


362871 


72962 


ei21-A10e-USR-472M 


1 




c 


1'46 


CAP,CER,320PF,4-2X,188V,C06 


51SI11 


51406 


RPE121 


1 




c 


292'204,206, 


CAP , AL . 2 . 2UF , 4-28Z , 50V 


614673 


89336 


614875 


18 




c 


208,211,261 




61 4873 










c 


264,271, 276 




614875 










e 


205 


CAP.CER.39PF.4-3X, 100V. COG 


312962 


89536 


512962 


1 




e 


280, 218, 238 


CAP, CER , 27PF . 4-3t ,100V, COG 


362749 


31406 


RPE12I 


3 




c 


216,218,220, 


CAP,CER.8.3PF.4-6.95PF.100V,COH 


715359 


69S36 


715359 


4 




c 


223 




715359 










e 


317 


CAP, CER. 1 BPF , 6-2X ,100V, COG 


312333 


31406 


RP870-100V 


1 




c 


210,226-929. 


CAP , CER. 4 . 7PF , '*■-0 . 25PF , 1 OOV, CON 


362772 


89S36 


36277S 


6 




c 


277 




362772 










c 


221 


CAP . CER, 1 OPF, 4-3X. 1 OOV , COG 


512343 


B9S36 


512343 


1 




c 


222 


CAP, CER . 1 2PF , 4-3X. 1 OOV , COG 


376671 


89336 


376871 


1 




c 


225,252 


C AP , CER . 6 , 8PF , 4-0 . 25PF , 1 OOV , CON 


512327 


89336 


512327 


2 




c 


351,403 


CAP , CER . 47PF, 4-3X . 1 88V. COG 


512368 


69536 


312368 


2 




c 


262 


CAP 3.3 


772848 


89536 


772848 


1 




c 


367,411 


CAP, TA. 2.2UF,4-20X, 35V 


463185 


56289 


196225X0835KA1 


2 




c 


280 


CAP, CER, 1 .SPF , 4-0. 2SPF , 1 08V, COK 


32V90V 


89536 


529909 


1 




c 


332,409 


CAP,TA.8.47UF.+-20X,35V 


161349 


56349 


196D474X003SHAI 


2 




c 


401,402 


CAP , AL, 47UF . 438-28X, 1 6V 


436006 


62643 


SH/VB 


2 




c 


407.408 


CAP,POLYPR.0.07B6UF,4-tX.38V 


422996 


89536 


422998 


2 




c 


410 


CAP . TA. 4 . 7UF , 4-20X , 25V 


161943 


56289 


I96D47SX002SKAI 


1 




c 


420 


CAP l.OPF 


312145 


89536 


51214S 


1 




CR 


101,105,111- 


■ DIODE, SI, PIN. LO-FREQ,BV-I60,OV 


402776 


28480 


I1P3379 


12 


1 


CR 


116,118,120 




402776 










Cft 


303,210 


■ 


402776 










CR 


102-104,106- 


• DIODE, SI, PIN. RF ATTENUATING 


508077 


26629 


KS6379 


IS 


1 


CR 


110,129,204- 


» 


308077 










CR 28^ 




308077 










CR 


117,119 


DtdOE.Sl.PiN.RF CUR CONT RESIST DIODE 


742296 


8V536 


742296 


2 


2 


CR 


121,301 


• ZENER, UNCOHP. 3.1V, 5X. 28.8HA. 8.4U 


139798 


04713 


1N7S1A 


2 


1 


CR 


123 


H ZENER. UnCOHP, 4.3V, 3x. ZO.OHA, 0.4U 


160455 


07910 


IN749A 


1 


1 


CR 


126,202 


■ DIODE, SI. SCHOTYKYiHATCMEO SET OF 2 


723470 


89536 


722470 


1 


3 


CR 


123.124 


t DIODE. SI, BV- 50.0V, I0-150HA,SELCTD VF 


234468 


07910 


TD9039 


2 


i 


CR 


127, 128 


• DIODE, SI. SChOTTKY barrier, SHALL SZCNL 


535195 


28480 


5082-2800 


2 


1 


CR 


130,201 


■ DIODE, SI, DV- 73.8V, I0-150MA, 500 HU 


203323 


07910 


1N4448 


2 


1 


CR 


302 


■ ZENER, UNCOnP, 15. QV. SX, 8.5HA, 0.4U 


366601 


04713 


1N96SB 


1 


1 


CR 


401,402 


1 DIODE, SI. SCHQTTKY BARRIER, SHALL SiCNL 


313247 


28484 


HP5062-6264 


2 


1 


CR 


403 


■ ZENER,C0HP. 6.3V, 2X.50 PPH TC, 7.SHA 


172148 


89336 


172148 


1 


1 


J 


104 


CONNECTOR. 4 PIN 


417329 


89S36 


417329 


1 




1. 


102.106.188. 


CHOKE, 6TURN 


320911 


89536 


320911 


6 




C 


110.115,238 




320911 










L 


183-103.325 


INDUCTOR, 0.68 UH.4/-10X,221HHZ,SNLDED 


320937 


24759 


HR0.68 


4 




L 


113,116.209, 


INDUCTOR. 10 TURNS 


463448 


69336 


463446 






L 


210,214-216, 




463448 










L 


220,224,237 




463448 










1 


201-283,228, 


INDUCTOR, 6600 UH,4/-10X, 1 .SHH7,SNLDED 


363184 


24739 


HR-6600 


4 




L 


221 


INDUC10R, (388 Utl,4/-|DX,2,!»HilZ.SMLDCD 


343863 


24759 


HR-1500 


1 




nP 


1 


NET SHIELD 


774190 


89536 


774190 


1 




HP 


40 


CllHPONENI HOLDER 


422MD7 


90ib9 


2829-75-t 


1 




p 


101,113 


CONN, SOCKET. PUB, 0.049 DIAHETER 


344036 


89536 


544056 


19 




p 


102,107,188 


PIN TEST 8ASE 


698472 


89536 


698472 


3 




p 


104 


header,! rou.o.iooctr.io pin 


478693 


89336 


476693 


1 




p 


106 


SOCKET, SINCIE. PUB, FOR 0.012-0.022 PIN 


376416 


22326 


73060-003 


1 
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LIST OF REPLACEABLE PARTS 




TABLE j-8. A2A4 OUTPUT PCA (ttONT.) 

C J££ FltURE 5-S . ) 



RE 

DE 

A" 


'ERENCe 

TICMATOK 


S 






FLUKE 

STOCK 


HFRS 

SPLY 

CODE* 


MANUFACTURERS 
PART NUHbt'K 
—OR C£n£RIC type — 


TOT 

OTT 


R 

S 

-« 










0 








SICNL 


535013 


04713 


BFK91 


3 




fi 


(R3,362,3D4. 




TRAN^I 310ft. tl.ftr'H, SMALL SIGNAL 




330003 


07263 


HIS6960 


4 


1 


B 


3ft6 








330H03 










B 


<«4,70l .203. 




IK-AHSISIOR, SI. PHft. SHALL SIGNAL 




195V74 


647(3 


2h3V06 


e 




q 


1>03, 708.710, 








IV3974 










0 


2t2.714 








iy:i974 










4 


t OS . 1 0* 




tKAHSlS10ft,SI,NPH,SHALL SIGNAL 




:'i(i3yb 


04713 


2HJ964 


2 


2 


B 


304. 20b, £00, 




1RAMSISinft.Sl.Nr'H.HI-1 ftLO. SHALL 


SlLNl. 


723379 


09536 


723379 


4 


1 


6 


?n 








773.179 










q 


307 




TkAHSt SI DR.SI.NrN, SHALL SIG , HICROUAVlf 


403172 


R9A36 


403172 


1 


1 


Q 


713, ?1S 




1 RAWS 1 S I OR . 1 1 . HPN . HI-FftI », SHALL 


SICNL 


122754 


09536 


722256 


2 


1 


q 


301 ,303.303, 




IhANSiSrOR.SI.PHP.SHALL SIGNAL 




410707 


04713 


HFS56562 


4 


1 


e 


307 








41IJ707 










q 


•01 , 403 




TftANSisi<>A,si,N-jn;r,T0-92.suiicii 


2M570 


15010 


lir-lbAJ 


J* 


1 


6 


407 




TRANSISIOR.SI.H- jm ,U>-92 




374475 


15(110 


02(IIOJ 


1 


1 


R 


101,107,104. 




RtS.CF.lK.4-5l,0.25« 




i3 1 J 


00031 


rk2'jl-4-'5P(K 


19 




R 


114'130, 1S1 , 








343424 










R 


154.267'771, 








34342b 










k 


3lb- 310,330 








343424 










R 


103,131,122 




ftLS,CC,3V.*-3X.O.I2t»M 




71 3VD9 


BV5 J6 


713909 


3 




k 


10b 




RtS.Cr.470,«-3X.0.79U 




343434 


0(1031 


Cft25l-4-5P470£ 


1 




R 


107 




RET.CF , 200,4-3Z,0.29U 




441451 


00031 


Cr251*4‘5P200£ 


1 




R 


10e.134,|3S 




f<LS.Mr,2.l5K.*"ll!.0.125H.l00PPH 




2937(2 


91637 


CHr55215(F 


3 




R 


100 




RLS CC 510 «-5X 0.I75U 




715303 


09936 


719383 


1 




R 


110 




ftES.CC,270,*'-3X,©.5« 




199616 


01121 


BH2715 


1 




R 


111.113,157, 




R£S.CC.31.i-3X,0.123U 




26A2&3 


01131 


885105 


6 




R 


7«3-243 








766247 










R 


113 




ftES.(;e.16,4-SS.O.l2SU 




500397 


01 121 


BUI 005 


1 




R 


133,230 




fttS.Hr,2.b7X,*-l3,0.1SSU, tOOftPH 




209507 


91437 


CHF5r.2671F 


9 




R 


17b 




ftC S . HE , 1 . bSK , 1 X , e . 1 35U , 1 OOPPH 




293662 


91637 


rhF59l63l 


1 




ft 


137 




RCS.Hr.bAS,*-U,0.t89U. lOOri'H 




330050 


91637 


cnrSlibbSoP 


1 




R 


1?e.l37 




RE S.HP . 124K ,t- IZ.O.U'SU, lOOftPN 




268407 


91637 


fin(SSI243F 


2 




R 


130 




RLS.HF. 1 .S4K,4''lk.0.13SU, lOerf'H 




269066 


91637 


CHF5M54IF 


1 




R 


131 




RE S . HF . 3 . 40K , • • 1 X , 0 . 1 25U , 1 OOF’PH 




260607 


91637 


(;hF99348IP 


♦ 




R 


133 




R(.S.Hr,24.3K.*-1X,0. 175U, lOOFT H 




736749 


9U37 


CHl 55 


1 




R 


133 




KE S , HK , 0 , 04K . 4 • 1 Z . 0 , 1 79W , 1 OOftftN 




965169 


VI637 


(:H1'556041F 


1 




R 


134 




KfS.Hl ,21.5X,4>'1X,0. 125U. lOOftftH 




16(1270 


(IV536 


16U;'7B 


t 




R 


■33.304.413, 




KES.Hf , 10X.+-IX.0.129U, lOOFpn 




1 6tl?bO 


V1637 


CnF331002F 


4 




ft 


414 








160260 










k 


13b, 3bb 




ftf S , HP , 2 . 95X , * - 1 X , « . 1 2SW , 1 OOF'F'H 




3754V0 


91637 


CHF992551F 






R 


137 




ftrS.Hr.499,«"lX, ,0.125U, lOOPH 




14071 1 


91637 


CHr53499or 


1 




ft 


I3S 




ftEf ,HF,16.9X,4-1Z,0.17SU,100PPH 




247146 


91637 


CHFSS169SF 


1 




ft 


139 




ftCS.HF .34.6K,*-1X,0. 125U, lOOI'i'H 




261467 


(19936 


S614B7 


■ 




R 


140.140,149 




RFS,HF . IK.*'1X,0.125U, lOOPPH 




I6EI729 


91637 


CHFS5I00IF 


3 




R 


141 




ftlS.Hr ,37.4K,*»|X,0.t5AU, iOOl'PH 




2.'1624l 


91637 


cm 5»3V42r 


1 




R 


142 




RE S , HF , 1 OOK , * • 1 X , 0 . 1 29U , 1 0OF'PH 




24(1007 


91637 


CMF551003F 


1 




R 


143.147 




Rt S , Hr , 20K . 4 - 1 X , d . 1 29U . 1 007'PH 




79IEI72 


916.77 


CHI’SSSOOSF 


3 




ft 


144 




RE S , VAft , CEftH , I’X , 4 - 1 OX. 0 . SU 




309666 


H9536 


309666 


1 


1 


R 


I4S 




RES. nr. 6b. 9K, 4-1X, 0. 12RU, tOOI'PH 




3(19003 


91637 


CHFAAbbSSP 


1 




ft 


14b, 473 




ftES.HF .49.9K, F.iX.O.Il'Skl, lOOftPH 




260021 


91637 


CHF554992F 


.2 




R 


190,233,243 




ftES,CR,1BO,*-SX,O.I25q 




917796 


01121 


ftlllBlA 


3 




ft 


192 




ftES.CF.27o,4-3Z,o,25U 




34(1709 


00031 


CN251-4-5P270E 


1 




R 


153.156,314, 




RES,Cr,4.7K.*-5X,0.25U 




340071 


01121 


CB4723 


4 




ft 


319 








34(1021 










R 


154 




hLS.C;C,22,*~SZ.O.I25W 




47476/ 


01 12l 


H8I-U2205 


1 




R 


155 




fttS,Cr,1,*-5X.0.25U 




357669 


00031 


CR291-4-SPIE 


1 




R 


1ST. 777 




ftLS.CC.1K.4-5X.D.179U 




A43V32 


01 121 


81)1025 


3 




R 


201,207,313, 




ft£S.CF.2K.*-SX.0.2SU 




441469 


00031 


Cft231-4-5P2K 


7 




R 


737,240,346. 








441469 










R 


349 








441469 










ft 


202 




RES, Cl ,,lbO.»-5X.0.29U 




3:i;'706 


00031 


CK2M-4-5P360C 


1 




ft 


203,309.314 




R« S.HF. 387. ♦- 11.0. »75U. lOOPPH 




4430O2 


(19536 


443002 


3 




R 


304,305 




hCS.CF.tS,«-3l.O,l29M 




740027 


09536 


740027 


2 




R 


30A.212.217 




ftCS. CF ,11 .4 '5X,0.175W 




740019 


(19936 


7 400(9 


3 




R 


70D. 730.234, 




RCS.CC,150,*-5X,0.9U 




106096 


89936 


1(16056 


4 




ft 


241 








1116056 










R 


310.711,719, 




ftCS.CF.tO.*-9X,O.I25U 




74003S 


89536 


74003S 


4 




ft 


21b 








740039 










R 


218.239 




KLS.NF, b.b9K,*-|Z,D.123U, lUOPI'H 




294910 


9163V 


CHF55I272F 


2 




R 


219 




fce s , nF , 6 , 4 3 k , 4 - 1 Z , 0 . 1 2SU , 1 OOPPH 




221671 


(19536 


221671 


1 




R 


t 




ftES.HF, 1 .2IK.4-IX.0. I25U,100PI'N 




229146 


91637 


CMr55121lF 


1 




ft 


^^*1**7 




ftES.HF ,9.3bK,4-l 1.0.1 79U. lOOpFH 




3709111 


09536 


370901 


1 




R 


223 




Rf.S,CC,SOO,*-SZ,O.SH 




10(1(129 


01121 


Ll>3(113 


1 




ft 


374.762 




ftfS,(;F, 140,4-3X.0.175U 




740092 


89536 


740092 


2 




R 


235,329 




R|.S,CP.75.4-9X,0.lS3M 




740(160 


095116 


740060 


2 




R 


776 




AES,t:r,5t,4'SX,O.I25W 




740050 


899.36 


740050 


1 




ft 


777 




ftf S.VAft,CCftn.100,4'-10X.0.9W 




273739 


11236 


360t-101A 


1 




R 


226 




RES.Cr, 1 10.4-33,0.12511 




740076 


09536 


740076 


1 




R 


230,231 




F({S.rC,100,*-SX.O.I2SN 




714469 


89936 


714469 






ft 


239 




ftCS,Ct:,47.4-3X.0.1?3U 




912061 


01 121 


88470S 


1 




ft 


234,237 




RI.S,CC,30,*-SZ,0.I25H 




5(2723 


01 LSI 


hli3005 


2 




ft 


74b 




Rt S , HP , 5 . 76K , « - 1 X , 0 . 1 75U , 1 OOPPM 




260349 


9(637 


ChF355/61F 


1 




ft 


249 




RLS.MF .«3.4.»-'1X.0.9W.100pPH 




1551 01 


095.16 


195101 


1 




R 


250 




RES.CC,lbO,*‘5x,O.I2SW 




721027 


(19536 


721027 


1 




R 


791 .292 




RLS,CC.24.*~9X,0.I25U 




6019.32 


UV536 


6(11932 


2 




ft 


253 




ftES.CC.1l0.4-9Z.O.123U 




500903 


0II2I 


ft«ll15 


1 




R 


254 




FtES.CC, 2204-52, 0.I25H 




721 II>9 


(19536 


721139 


t 




R 


799 




RE S.rC, 300, 4-5X.0. 17511 




912772 


01121 


88.1015 


1 




R 


794 




ftft4.CF,120,*-5X,0.12KU 




740004 


89536 


740084 


1 




ft 


237 




ftES.CC.19.+-10Z.O,133H 




261(100 


09536 


261000 


1 




ft 


256 




ftCS.CF.I .3K.*-5Z,0.33M 




44I37D 


00031 


Cft251-4-'SP1K2 


1 




R 


259 




ft£S,CC,390,*-SX,0.5W 




109002 


RV536 


109082 


1 




ft 


2bt 




ftCSIST0R.CC.330.4-9Z.O,9U 




'108936 


B9536 


10B936 


1 




R 


263,264 




ftES,Cr,24,*-5X,0.125W 




740043 


(17536 


740043 


2 




R 


267 




ftCS,HF.479.t-|X.0.129U. tOOftPH 




320010 


91637 


CHF554750F 


1 





i 
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LIST OF REPLACEABLE PARTS 













REFERENCE 
DESIGNATOR 
A->NUMERICS > 


S 


TABLE 5-0. A2A4 OUTPUT PCA (CONT.l 
<SEE FIGURE 5-8. ) 

DESCRIPTiON 


FLUKE 

STOCK 

—NO— 


MFRS 

SPLY 

CODE- 


MANUFACTURERS 
PART NUMBER 
—OR GENERIC TYPE— 


TOT 

QTY 


R 

S 

-fi 


N 

0 

T 

-£ 


R 


268 




RES.MF.22.1 ,<-1X.0.5W. tOOPPM 


151472 


89536 


151472 


1 






R 


302 




Rf.S , MF , 3 . 4K , 1 X , 0 . 1 25U . 1 OtiPPM 


240323 


91637 


CMF553401F 


1 






R 


303 




R£S,MF ,715,-*-1X,0.125U, 100PPN 


313000 


91637 


CMF557150F 


1 






H 


303 




NTS , NT , 392 , 1 X , 0 . 1 25W . 1 0OI'PM 


240299 


91637 


CMF553920F 


1 






R 


304 




REr.MF.39.2X,«-1X,0.125U,100PPI1 


236414 


91637 


C:MF553922F 


1 






R 


307 




R£S.CF,47,*-5X,e.25U 


441592 


80031 


CR251-4-5P47E 


1 






R 


300 




RES , CF , 54K , 4-SX , 0 . 25W 


441426 


80031 


CR251-4-5P56K 


1 






R 


309 




RCS.VAR.CERM, 10X,*-10X,0.5U 


309674 


75378 


360T1D3A 


1 






R 


310 




RES . MF . 523 , IX , 0 . 1 25W, 1 OGPPM 


2V4835 


91637 


CMF555230D 


1 






R 


311 




RrS.VAR,CERH,200.*-10X,0.5U 


275743 


09536 


275743 


i 






R 


312 




ReS.MF,294.+-1X,0.125W.100PPM 


288472 


91637 


CMF55294F 


1 






R 


313 




RtS,CF,33X.*-5X,0.25U 


348808 


80031 


CR251-4-5P33K 


1 






R 


315 




RES,Cf .420.<-5X,0.25U 


442319 


80031 


CR251-4-5P620E 


1 






R 


324 




RCS,CF,42K,*-5X,0.25H 


348904 


80031 


CR251-4-5P62K 


1 






R 


401 




RES.HF,401 .♦-1X,0.125M,100PPM 


543785 


91637 


CHKS56810F 


1 






R 


402 




RES,CF.iM.*-5X.e.25U 


348907 


80031 


CR251-4-5P1H 


1 






R 


403 , 408 




RES , MF , 3 . 32K , « -1 X , 0 . 1 25W , 1 ©OPPN 


312652 


91637 


CMF5S3321F 


2 






R 


404,407 




RES.NF,34.G.*-IX,0.t2SU. 100PPM 


343097 


89536 


343897 


2 






R 


405.409 




RES . MF . 4 . 99K . *-1 X , 0 . 1 25U , 1 OOPPM 


160252 


91637 


MFFl-84991 


2 






R 






ktS.MF ,71 ,5,«-lX,0.125N.ie0PPM 


393603 


91637 


CMF5571R5F 


2 






R 






RES,MF,4.02X,*-1X,©.125U,100PPM 


235325 


91637 


CMF554021F 


1 












W;S , HIM . 69X , 1 X , 0 . 1 25U , 1 OOPPM 


321414 


91637 


CHI 551691F 


1 






R 


415 




RES.MF ,6.34K,-»-lX,0. I25U, tOOPPM 


267344 


91637 


CMF556341F 


1 






R 






RES,MF,147X,t-1X.0.125M.100PPM 


291344 


91637 


CMF551473F 


1 






R 


417 




RES , MF . 23. 2K . 1 X , 0 . 1 25U. 1 OOPPM 


291351 


91637 


CMF552322F 


1 






R 


4IB 




RCS,MF,301X.*-1X.0.125W.100PPM 


209468 


91637 


CMF5S30102F 


1 






R 


419 




KES , VAR , CERM, 1 OOK . i • 1 OX. 0 . 5U 


34V520 


11236 


360T-104A 


1 






R 


420 




RES , CF , 4 . 3K , 4-SX , 0 . 2SU 


441576 


80031 


CR251-4-5P4K3 


1 






R 


421 




RES , VAR . CCRH , 20K , + • 1 0X , 0 . 5U 


335760 


11236 


360T-203A 


1 






Rr 


301 




THERM 1 STOR , DI SC , NEC . , 1 0K , 4- 1 0X , 2SC 


104596 


73168 


JA4UI 


1 






TP 


1- 5 




PIN, SINGLE, PUB. 0.025 SQ 


267500 


00779 


87022-1 


10 






TP 


4- 1 1 




TEST POINT 


512B89 


02660 


62395 


6 






U 


101.402 


• 


IC.OP AMP, DUAL, JFET INPUT. 8 PIN DIP 


495192 


12040 


LF3S3BN 


2 






U 


201 




MIXER, DOUBLE BALANCED, 1 - 1000 NMZ 


S2S493 


89536 


525493 


1 






u 


301 




IC, CMOS, DUAL 8 BIT DAC. CURRENT OUTPUT 


722272 


89536 


722272 


1 


1 




U 


302. 311. 403 




IC,OP AMP.eUAD JFCr INPUT. 14 PIN DIP 


659748 


89536 


659748 


3 


( 




U 


303 




IC, CMOS, 12 BIT MULTIPLYING DAC 


722244 


89536 


722264 


1 


1 




U 


304,305,300, 




1C, LSTTL. OCTAL D F/F.^EOG TRG.U/CUEAN 


454892 


01295 


SN74LS273N 


4 


1 




U 


404 






454892 












U 


304 




1C.LSTTL.6UAD 2 INPUT HAND CATE 


393033 


01295 


SN74US00N 


1 


1 




U 


307 




IC.LSTU,3-e LINE DCDR U/ENABLE 


407SBS 


01295 


SN74LSiaeN 


1 


1 




U 


309,310 




IC. COMPARATOR, QUAD, 14 PIN DIP 


3B7233 


12040 


LH339N 


2 


1 




U 


401 




IC, CMOS, QUAD BILATERAL SUITCH 


408062 


89536 


408062 


t 


1 




U 


403 




IC.CNOS.IOBIT DAC.iOBIT ACCUR.CUR OUT 


507566 


24355 


AD7533LN 


1 


( 




U 


1 




CABLE ASSY, RF JUMPER 


716993 


89536 


716993 


1 






XU 


101,402 




S0CKE1.IC.fl PIN 


47B0I6 


91506 


308-AC39D 


2 




2 


XU 


301,304,305, 




SOCKET, 1C. 20 PIN 


454421 


09922 


DILB20P-1O6 


5 






XU 


308,404 






454421 












XU 


302,304,309, 




SUCKET.IC,t4 PIN 


276527 


09922 


DILD8P-tOB 


7 






XU 


310,311,401, 






276527 












XU 


405 






276527 












XU 


303 




SOCKET, IC, 16 PIN 


418228 


91506 


318-AG39D 


1 






XU 


307,403 




SOCKET, IC, 14 PIN 


276535 


91506 


316-AG39D 








2 


301 




RES, NET, SIP, U PIN,? RES, 10K.*-2X 


412924 


80031 


95081 002CL 


» 






z 


401 




RES, NET, CERM, CUSTOM 


501041 


89536 


501841 


1 







NOTE 1» ALSO INCLUDES XZ401 
NOTE 2- ALSO INCLUDES XRt44 

THE FOLLOUINC COMPONENTS ARE NON-FIELD REPLACEABLE: 

0202-206,200,209,211.212,214-222.224,225.232,294,263,244.271,277 

CR124, 202-210 

L2I7.220 

0202,204.204.213 

R203-206, 209-212, 21 4-217, 224-220, 233-234, 242-244 

U201 
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LIST OF REPLACEABLE PARTS 




Figure 5>8. A2A4 Output PCA 
















LIST OF REPLACEABLE PARTS 



TABLE 5-9. A2A5 ATTENUATOR/RPP ASJEMBLY 



REFERENCE 




FLUKE 


MFRS 


MANUFACTURERS 




R 


DESIGNATOR 




STOCK 


SPLY 


PART NUMBER 


TOT 


S 


A->NUMERICS > 


S DESCRIPTION 


—NO— 


CODE- 


—OR GENERIC TYPE— 


fiTY 


-Q 


A 


4 


ATTENUATOR/RPP PCA 


752667 


89536 


752667 


1 




A 


5 


RELAY DRIVER/RPP PCA 


752616 


89536 


752616 


1 




FL 


1 


FILTER, RF, EYELET STYLE, 2000PF, BL 


529495 


89536 


529495 


11 




K 


1 


SCREM , MACH , PHP , STL , 6-32X1 /A 


15214© 


89536 


152140 


1 




H 


2 


SCREM , MACH , PHP , STL , 6-32X 1 /2 


152173 


89536 


152173 


7 




H 


3 


SCREM, MACH, PHP, STL, 6-32X7/8 


114866 


69536 


114866 


1 1 




H 


4 


SCREM, MACH, PHP, STL, 6-32X1 /2 


152173 


89536 


152173 


2 




MP 


) 


HOUSING, PLATED, ATTENUATOR, RELAYVERSN 


717617 


69536 


717017 


1 


1 


U 


26 


• IC, 2K X 8 EPROM 


454603 


©1295 


TMS2516JL 


1 




U 


24 


CABLE ASSEMBLY, ATTENUATOR 


752725 


89536 


752725 


1 





FOR MODULE EXCHANGE, ORDER P/N 7504H (INCLUDED CALIBRATED EPROM) 




5-23 



LIST OF REPLACEABLE PARTS 




TABLE 5-1©. A2A5A4 ATTENtlATOR/RPP PCA 
(SEE FIGURE 5-9 . ) 



REFERENCE 
DESIGNATOR 
A- >NUMERICS- 


— > 


S DESCRIPTION 




FLUKE 

STOCK 

--NO— 


MFRS 

SPLY 

CODE- 


MANUFACTURERS 
PART NUMBER 
— OR GENERIC TYPE — 


TOT 

QTY 


C 


( , 


2, 


4 


CAP.CER, (006PF, +-265:. 50W,X7R 




51 4059 


B9536 


514059 


3 


C 


3. 


5 




CAP,AL,4.7UF,+-10S;, 15V 




519363 


56269 


193D475X9015C2 


2 


c 


6 . 


7 




CAP.POLYES.O. 1UF, ♦-20X,56V 




732BB3 


89536 


732883 


2 


CR 


1 






• DIODE, SI, SCHOTTKY BARRIER, SMALL 


SIGNL 


535195 


28480 


5082-2000 


1 


CR 


2- 


9 




■ DIODE, SI, BV= 70.0V, 500 HU 




454181 


03508 


1N4606 


8 


H 


1 






WASHER, SPRNG, COPPER, 6. 316 ID 




544239 


09536 


544239 


8 


J 


2 






CONN, COAX, SMA.REC, PUB OR BLKHD 




512007 


16733 


705147-001 


1 


J 


3 






CONN, SOCKET, SPRING TYPE. . 6690D, . 


143L 


732826 


89536 


732826 


1 


K 


1 - 


e 




RELAY, ARMATURE, 2 FORM C,26.5VDC 




520638 


1 1532 


712-26 


8 


P 


1 - 


a 




CONN, SOCKET. PUB, 0.049 DIAMETER 




544056 


89536 


544056 


8 


P 


9- 


1 1 




CONN. SOCKET, PUB, 0.038 DIAMETER 




38614,: 


89536 


386144 


3 


R 


1 , 


7, 


10, 


RES,MF,402,+-0.52,0.125U,50PPM 




461632 


09536 


461632 


5 


R 


(6. 


19 








461632 








R 


2, 


3, 


a, 


RES,MF,56.9,+-0.5X.6.125U,50PPM 




461590 


89536 


461590 


10 


R 


9, 


1 1 , 


12, 






461590 








R 


17. 


16, 


20. 






461590 








R 


21 










461590 








R 


4 






ReS,MF,94.2.+-0.5X,6.125U,50PPM 




461616 


89536 


461616 


1 


R 


5 


6 




RES,MF,B3.5,+-0.5X,0.125U,56PPM 




461608 


89536 


46160B 


2 


R 


13 






RES , MF , 37 . 4 , +-6 . 5X , 0 . 1 25U . 50PPM 




461079 


89536 


461079 


1 


R 


M, 


1 5 




RES.MF, 1S6.+-0.5X, 0. 125U,50PPM 




461624 


89536 


461624 


2 


R 


22 






RES.CC, 1 OK , +-5X,6. 125U 




643940 


01121 


BB103S 


1 



ALL COMPONENTS NON FIELD REPLACEABLE 




I 

I 




6060A-1647 



Figure 5-9. A2A5A4 Attenuator/RPP PCA 
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LIST OF REPLACEABLE PARTS 



TABLE 5-n. A2A5A5 RELAY BRIVER/RPP PCA 
(SEE FIGURE S-10.) 



REFERENCE 

DESIGNATOR 

A->NUMERICS 


, 


S DESCRIPTION 


FLUKE 

STOCK 

—NO— 


HFRS 

SPLY 

CODE- 


HANUFACTURERS 
PART NUMBER 
—OR GENERIC TYPE— 


TOT 

QTY 


C 


1- 


7, 


TT 


CAP, POL YES, 0 . 1 UF , +-20X , 50V 


732883 


89536 


732883 


8 


C 


8. 


9, 


12, 


CAP , CER , 0 . 01 UF , «^~20X ,100V, X7R 


407361 


72982 


8121-A160-U5R~103H 


4 


C 


13 








407361 








c 


10. 


16 




CAP,CER,e.22UF,*-20X,50V,Z5U 


519157 


51406 


RPE111Z5U224H50V 


2 


c 


M, 


15 




ELECTRO, MIN.LO LEAK, 4.7HF, 3SV 


603993 


89536 


603993 




CR 


11- 


14, 


16, 


« DIODE, SI, BV« 75.0V, ID-150MA. 500 HU 


203323 


07910 


1N4448 


6 


CR 


17 






« 


203323 








J 


2 






SOCKET, DIP, 0.100 CTR.24 PIN 


376236 


91506 


324-AC39D 


1 


L 


1- 


10 




CHOKE, 6TURN 


320911 


89536 


32091 1 


10 


L 


11 






INDUCTOR, 470 UH, *^/-SX, 6.5 HHZ.SHLDED 


147827 


72259 


UEE470 


1 


L 


12, 


13 




INDUCTOR. 47 UH, +/-5X,26.5 HHZ.SHLDED 


147850 


72259 


UEE47 


2 


P 


1- 


1 1 




CONN, SOCKET, PUB, 0.049 DIAHETER 


544056 


89536 


544056 


11 


Q 


1- 


7, 


9 


» TRANSISTOR,SI,PNP,SHALL SIGNAL 


418707 


04713 


HPS56562 


8 


Q 


a 






• TRANSIST0R,S1,NPN,SHALL SIGNAL 


330803 


07263 


HPS6560 


1 


R 


1, 


4, 


7, 


RES,CF,510,+-5X,e.25U 


441600 


80031 


CR251-4-5P510E 


8 


R 


10, 


13. 


16, 




441600 








R 


19, 


38 






441600 








R 


2, 


5, 


8, 


RES,CF,4.7K,-f-5X,0.25U 


348821 


01121 


CB4725 


9 


R 


11, 


14, 


17, 




346821 








R 


20, 


39, 


41 




348821 








R 


3, 


6, 


9. 


RES,CF.1©0,+-5X.0.25U 


348771 


80031 


CR251-4-5P100E 


8 


R 


12, 


15, 


18. 




348771 








R 


21. 


40 






348771 








R 


22, 


23, 


29. 


RES,CF,1K,«-5X,0.25U 


343426 


80031 


CR251-4-5P1K 


7 


R 


3S, 


36, 


42, 




343426 








R 


AS 








343426 








R 


24 






RES.CF.30K,+-5X,0.25U 


368753 


80031 


CR251-4-5P30K 


1 


R 


25, 


30, 


31, 


RES,CF,10K,«-5X,0.2SU 


348839 


80031 


CR251-4-5P10K 


4 


R 


37 








348839 








R 


27 






RES , HF , 1 . 07K , *-1 X. 0. 1 2SU , 1 OOPPH 


344325 


89536 


344325 


1 


R 


28 






RES . HF . 422 , 1 X . © . 1 25U , 1 OOPPH 


288506 


91637 


CMF554220F 


1 


R 


32 






RES , HF , 1 . SK , t- 1 X. 0. 1 2SW, 1 OOPPH 


313098 


91637 


CHF551501F 


1 


R 


33 






RES,CF.36,-»-5X.e.25U 


342618 


80031 


CR251-4-5P56E 


1 


R 


34 






RES . OF . 1 OOK , *~ZX , 0 .2SU 


348920 


80031 


CR251-4-5P100K 


1 


R 


43 






ReS.CF.13K,4-5X.0.25U 


441402 


80031 


CR251-4-5P13K 


1 


R 


44 






RES.CF,2K.4-5X.6.25U 


441469 


80031 


CR2S1-4-SP2K 


1 


R 


A6 






RES.CF,476,-»-SX,6.2SU 


343434 


80031 


CR2S1-4-SP470E 


1 


R 


47 






RES,CF,t2K.«-SX.0.25U 


348847 


80031 


CR251-4-SPI2K 


1 


R 


40 






RES.CF.4.3K.4-5X.0.25U 


441576 


80031 


CR2S1-4-SP4K3 


1 


TP 


1- 


11 




CONN , POST , PUB. . 025SQ , NON-INSUL , SELECT 


267506 


06779 


87022-1 


26 


U 


1 






« tC.OP AHP.QUAD.UFET INPUT, TO-5 CASE 


483438 


89S36 


483438 


1 


VR 


1- 


7. 


IS 


» ZENER, UNCOHP, 36.0V, tOX, 4.2HA, 0.4U 


272633 


64713 


1N972A 


8 


VR 


e, 


9, 


18 


« ZENER, UNCOHP, 4.7V, SX, 26.6HA, 6.4U 


S246SB 


14552 


1N7S1 


3 


VR 


16 






K ZENER, COHP, 6.4V, SX. 1 PPH TC. 2.6HA 


381988 


89536 


381988 


1 



1 ALSO INCLUDES J1 . 




Q 



a 

P7 p^ 

— ES5I— 

—(gzo)— 




- 4B35V - 

- 4ff?sV ~ 




- 4rwV - 

HW>- 



—{523“ 



^W59t — 

- flcwia - — t^D- 

— ^^5SJ— tcife} 

-^2- — |W2?V - 

— /'RzgV - — iR-«(aF -~ 

EEDp^p da Op9 

- W"R22t — — IR2^ 

— IICR8I — — 



-{Bia- 

— I R^Oh ~ 

— CEsiE— 

— 

— IR33J— 



6060A-1645 



Figure 5-10. A2A5A5 Relay Driver/RPP PCA 



5-25 




LIST OF REPLACEABLE PARTS 



REFERENCE 

DESIGNATOR 



A- 


>NUMERICS— > 


C 


1 




C 


2, 


6, 7. 


c 


10- 


13, 16, 


c 


18, 


19, 21, 


c 


23- 


25, 28- 


c 


31 , 


34, 35, 


c 


39- 


42, 44, 


c 


45 




c 


3 




c 


4, 


5 


c 


22, 


51, 53- 


c 


57 




c 


50, 


52, 58, 


c 


59 




c 


60 




c 


61 




CR 


1 




J 


101 ,105,107 


J 


102 




J 


106 




L 


1 , 


2 


P 


101 




R 


1 , 


6- 11 


R 


2 , 


13 


R 


3 




R 


4 




R 


5 




R 


12 




R 


14, 


15 


S 


1 




U 


1 




u 


2 




u 


3, 


4, IB 


u 


5, 


44 


u 


7 




u 


e 




u 


9 




u 


10 




u 


1 1 , 


40 


u 


14 




u 


IS, 


16, 33. 


u 


34 




u 


17, 


27 


u 


20. 


35, 36, 


u 


38 




u 


21 




u 


22 




u 


23 




u 


30, 


31 


u 


37 




u 


42 




XU 


1 




XU 


2, 


9, 14, 


XU 


20, 


30, 31, 


XU 


35, 


36, 38, 


XU 


42 




XU 


3, 


4 . 11, 


XU 


15- 


18, 27. 


XU 


33, 


34, 40 


XU 


5, 


8, 10, 


XU 


37, 


44 


XU 


7 




XU 


21 , 


22 


XU 


23- 


26 


Y 


41 




z 


1 




z 


2- 


5 



TABLE 5-t2. A2A7 CONTROLLER PCA 
(SEE FIGURE 5-1 1 . ) 



S DESCRIPTION 



FLUKE 

STOCK 

—NO— 


MFRS 

SPLY 

CODE- 


MANUFACTURERS 
PART NUMBER 
— OR GENERIC TYPE — 


TOT 

QTY 


R 

S 

-Q 


436006 


62643 


SM/VB 


1 




696492 

696492 

696492 

696492 

696492 

696492 

696492 


89536 


696492 


26 




161349 


56349 


196D474X0035HA1 


1 




330662 


56289 


196D106X0020KA1 


2 




368605 

368605 


89536 


368605 


7 




105569 

105569 


7159© 


DAI 40-1 39CB 


4 




105593 


71590 


DD-101 


1 




512871 


89536 


512871 


1 




203323 


07910 


1N4448 


1 


1 


267500 


00779 


87022-1 


53 




485037 


30035 


SS-109-1-16C 


2 




512590 


89536 


512590 


1 




320911 


39536 


32091 1 


2 


1 


544056 


89536 


544056 


18 




441436 


80031 


CR251-4-5P180E 


7 




348821 


01121 


CB4725 


2 




441477 


80031 


CR251-4-5P20K 


1 




442475 


80031 


CR251-4-5P390K 


1 




348920 


80031 


CR251-4-5P100K 


1 




348771 


80031 


CR251-4-5P100E 


1 




441394 


80031 


CR251-4-5P1K3 


2 




454124 


00779 


435166-4 


1 




640417 


0129S 


TMS9995N 


1 




483800 


01295 


SN74LS367N 


1 


1 


477406 


01295 


SN74LS245N 


3 


1 


393058 


01295 


SN74LS04N 


2 


1 


478354 


12040 


LH393N 


1 


1 


393074 


01295 


SN74LS10N 


1 


1 


393207 


01295 


SN74LS174N 


1 


1 


604629 


01295 


SN74S32N 


1 


1 


504514 


01295 


SN74LS373N 


2 


1 


393165 


01295 


SN74LS139N 


1 


1 


429035 

429035 


01295 


SN74LS244N 


4 


1 


4S4892 


01295 


SN74LS273N 


2 


1 


40758S 

407585 


01295 


SN74LS138N 


4 


1 


792767 


09536 


792767 


1 




792754 


89536 


792754 


1 


1 


584144 


33297 


UPD4016C-2 


1 




454116 


01295 


ULN2O03 


2 


1 


393108 


01295 


SN74LS32N 


1 


1 


414029 


01295 


SN74LSI12N 


1 


1 


429282 


09922 


DILB40P'1O8 


1 




276535 

276535 

276535 

276535 


91506 


316~AG39D 


10 




454421 

454421 

454421 


09922 


DILB2OP-108 


11 




276527 

276527 


©9922 


DIL88P-108 


5 




478016 


91506 


308-AG39D 


1 




448217 


91506 


328-AC39D 


2 




376236 


91506 


324-AG39D 


4 




520239 


89536 


52023? 


1 


1 


484063 


80031 


95081 0O2CL 


1 




414003 


80031 


95081 002CL 


4 





CAP, AL, 47UF , +30-20X , 1 6V 
CAP,P0LY£S,0.22UF.+-10X,5ev 



CAP,TA,©.47UF,+-20X,35V 
CAP,TA, »0UF,+-20X,20V 
CAP,CER,22OPF,+-10X, 1000V,Z5F 

CAP, CER,2O0OPF,+1 00-ex, 1&0®V,Z5U 

CAP,CER,iOOPF,+-1OX,100OV,S3N 
CAP , CER , 22PF , +-2X , 1 00V , COG 
DIODE, SI, BV= 75.0V, IO-130MA, 500 MW 
CONN , POST , PWB , . 023SQ , NON-INSUL , SELECT 
SOCKET, SIP, 0.100 CTR,16 PIN 
CONN,PWB,HEADER,DIP,90,0.100,26 PIN 
CHOKE, 6TURN 

CONN, SOCKET, PUB, 0.049 DIAMETER 
RES,CF,10O,+-5X,O.25W 
RES,CF,4.7K,+-5X,0.25U 
RES,CF,20K,t-5X,0.25W 
RES.CF,390K,+-5X,0.25U 
RES,CF,100K,*-5*.e.25U 
RES,CF, 100,+-5X,0.2SU 
RES,CP,1.3K,4'-5X.0.25U 
SWITCH, OIL, 6-POS, SPST, ASSY 
IC,NM0S,16 BIT MICROCOMPUTER 
IC,LSTTL,HCX BUFFER W/NOR ENABLE 
IC,LSTTL,OCTL BUS TRNSCVR U/3-ST OUT 
IC,LSTTL,HEX INVERTER 
IC, COMPARATOR, DUAL, LO-PUR, a PIN DIP 
IC,LSTTL, TRIPLE 3 INPUT HAND GATE 
IC,LSTTL,HEX D F/F,f£DC TRC,U/CLEAR 
IC,STTL,QUAD 2 INPUT OR GATE 
IC,LSTTL, OCTAL D TRANSPARENT LATCHES 
IC,LSTTl,2-4 LINE DEMUX 
IC,LSTTL,OCTL LINE DRVR U/3-STATE OUT 

1C, LSTTL, OCTAL D F/F,'fEDC TRG,U/CLEAR 
IC,LSTTL,3>8 LINE DCDR U/ENABLC 

EPROM, PROGRAMMED 2704 (FOR 100KHZ) 
EPROM, PROGRAMMED 27254 (FOR lOOKHZ) 
IC, 2K X 8 STAT RAM 
IC, ARRAY, 7 TRANS, NPN, DARLINGTON PAIRS 
IC, LSTTL, QUAD 2 INPUT OR GATE 
1C, LSTTL, DUAL JK F/F,“EDC TRIG 
S0CKET,DlP,0.f0e CTR,40 PIN 
SOCKET.DIP, 0,100 CTR,16 PIN 



SOCKET, DIP, 0.100 CTR,20 PIN 



SOCKET, DIP, 0.100 CTR,14 PIN 

SOCKET, DIP. 0.100 CTR.8 PIN 
SOCKET, DIP, 0.100 CTR.28 PIN 
SOCKET, DIP, 0.100 CTR.24 PIN 
CRYSTAL , 1 OMHZ , *-0 . 0 1 X , HC-1 B/U 
RES. NET, SIP, 10 PIN, 9 RES,4.7K,+-2X 
RES, NET, SIP, 10 PIN, 9 RES,10K,*-2X 



NOTE 



U23 EPROM PART OF A2A2 
U24 EPROM PART OF A2A4 
U26 EPROM PART OF A2A5 
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LIST OF REPLACEABLE PARTS 




REFERENCE 
DESrCNATOR 
fl->NUMERICS > 


S 


TABLE 5-13. A2A8 NON-VOLATILE (STORE/RECALL > 
(SEE FIGURE 5-12. ) 

FLUKE 

STOCK 

DESCRIPTION --NO-- 


MEMORY 

MFRS 

SPLY 

CODE- 


PCA 

MANUFACTURERS 
PART NUMBER 
--OR GENERIC TYPE — 


TOT 

(3TY 


R 

S 

-Q 


C 


1 






CAP, TA, 1 0UF,*-2O2, 26V 


3306A2 


562B9 


196D166XG02OKA1 


1 




C 


2“ 


6 




CAP , POL TES , 0 . 22UF , 1 OX , 50V 


696492 


89536 


696492 


5 


1 


CR 


1 , 


2 


« 


DIODE, SI, BV= 75.0V, IO=150MA, 560 MU 


203323 


07910 


1N4448 


2 




CR 


3 




« 


ZENER, UNCOMP, 3.3V, lOX, 26.6MA, 0.4U 


309799 


64713 


1N746 


1 


1 




1 






CONN, POST, PUB, .025SQ, NON- INSUL, SELECT 


267500 


60779 


87022-1 


32 




Q 


1 




» 


TRANSISTOR, SI , PNP, SMALL SIG, SELECTED 


380394 


89536 


380394 


1 


1 


Q 


2 , 


3 


a 


TRANSISTOR,SI,NPN,SMALL SIGNAL 


218396 


04713 


2N3904 


2 


1 


Q 


4 




» 


TRANSISTOR,SI,N-DMOS FET.TO-72 


477729 


13324 


SD213EE 


1 


1 


R 


1 






RES, MF, 433. ♦--1 X,6. 25U, 160PPM 


326397 


91 637 


CMF554320F 


1 




R 








RES,MF,33.2,*-1X,0.125U,100PPM 


296681 


91637 


CMF553320F 


1 


1 




3 






RES.MF, 100,*-iX,6.125U, 100PPM 


168195 


91637 


CMF551000P 


1 




R 


4 






RES,MF,562, +-1X, 0. 125U, 10OPPM 


340828 


91637 


CMF555620F 


1 




R 


5 






RES,CF,1O0K,+-5X,0.25W 


348920 


80031 


CR251 -4-5P1 OOK 


1 




R 


6 






RES,CF,16K,*-5X,0.25U 


348839 


80031 


CR251-4-5P10K 


1 




Tf 


1 , 


2 




CONN, TAB,FAST0N,PRESS-IN,6. 1 10 WIDE 


512089 


02660 


62395 


•> 




U 






« 


IC, 2K X 8 STAT RAM 


647222 


51157 


HM61 1 6F -3 


1 




U 


3 




u 


IC,LSTTL,OCTL BUS TRNSCVR U/3-ST OUT 


477406 


61295 


SN74LS245N 


1 


1 


U 


3 




« 


IC.LSTTL.OCTL LINE DRVR U/3STATE OUT 


429035 


0(295 


SN74LS244N 


1 


1 


U 


4 




a 


IC.LSTTL.QUAD BUS BFR U/3-STATE OUT 


472746 


01295 


SN74LS125N 


1 


1 


U 


5 




• 


1C, TTL, TRIPLE 3 INPUT NAND GATE 


363465 


01295 


SN741 2N 


1 


1 


U 


i 




a 


IC.LSTTL.HEX INVERTER 


393058 


61293 


SN74LS04N 


1 


1 


XU 


1 






SOCKET, DIP, 0.160 CTR.24 PIN 


376236 


91566 


324-AG39D 


1 




XU 


2, 


3 




SOCKET, DIP, 0.160 CTR,26 PIN 


454421 


69922 


DILB20P-108 


2 




XU 


4- 


6 




SOCKET, DIP, 0.160 CTR.14 PIN 


276527 


69922 


DILB8P-108 


3 




2 


1 






RES.NET, SIP, 6 PIN, 5 RES.10K,+-2X 


560876 


80031 


95081 O02CL 


1 





I 

s 

i 
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LIST OF REPLACEABLE PARTS 




TABLE 5-14. A3A1 POWER SUPPLY PCA 
(SEE FICURE S-13.) 



N 

REFERENCE FLUKE MFRS HANUFACTURERS R 0 
DESIGNATOR STOCK SPLY PART NUMBER TOT S T 
A">NUMERICS— -> S DESCRIPTION —NO— CODE- —OR GENERIC TYPE— QTY -Q -E 



c 


1 








CAP , AL , 2200UF . +30- 1 0X . 35V 


715334 


89334 


715334 


1 


c 


2, 


5 






CAP . AL , 1 OO0OUF , +30-20% , 35V 


414990 


89534 


414990 


2 


c 


3, 


4, 


12 




CAP,CER,0.1UF,+-20Z,50V,X7R 


573808 


72892 


8131-050-U5Ri00NFM 


3 


c 


4, 


7, 


15, 




CAP , TA, 4 . 8UF , +-20X, 35V 


343713 


54289 


194D485X0035KA1 


4 


c 


20 










343713 








c 


8 








CAP , AL , 1 5OO0UF , +30-1 OX , 25 V 


732958 


89534 


732958 


1 


c 


9, 


21 , 


22 




CAP,TA,2.2UF,+-20X,20V 


141927 


54289 


194D225X0020HA1 


3 


c 


10 








CAP , TA , 22UF , +-20X , 1 5V 


423012 


54289 


194D224X0015KA1 


1 


c 


11 








CAP , AL , 470UF , +30-20X . 80V 


574140 


42443 


NH 


1 


c 


13, 


14 






CAP,TA,4.7UF,+-20X,50V 


343721 


54289 


194D475X9015HA1 


2 


c 


14- 


19 






CAP,P0LYES,0.22UF.+-10X,100V 


434113 


73445 


C280MAH1A220K 


4 


CR 


1 , 


2, 


4 




DIODE, SI, RECT, BRIDGE, BV>=200V,10o1 .OA 


294509 


09423 


FB200 


3 


CR 


3, 


4, 


8 


tt 


DIODE, SI, 100 PIV, 1.0 AMP 


343491 


01295 


1N4002 


3 


CR 


3 








DIODE, SI , 45PIV, 7. 5A, DUAL SCHOTTKY 


741322 


89534 


741322 


1 


CR 


4 








THYRISTOR, SI, TRIAC,VB0“200V, 8. OA 


413013 


02735 


T2800B 


1 


CR 


9, 


10 




« 


ZENER, UNCOHP, 42.0V> SX, 20MA, 5.0U 


559547 


89534 


559547 


2 


H 


1 








SCREW, MACH, PHP SEMS, STL , 4-40X1 /4 


185918 


89534 


185918 


1 


H 


2 








NUT,MACH,HEX, STL, 4-40 


110435 


89534 


110435 


1 


J 


1 








CONN.PUB, HEADER, SIP, 0.154, 12 PIN 


512140 


27244 


09-80-1123 


1 


J 


2 








CONN, PWB, HEADER, SIP, 0.154. 5 PIN 


512184 


27244 


09-80-1053 


1 


J 


3- 


4 






CONN, POST, PUB, .025SQ,N0N-INSUL,SELECT 


247500 


00779 


87022-1 


39 


MP 


1 








HEATSINK, TO-220 


524934 


13103 


4025B-TT 


1 


R 


1 








RES,MF,249,+-1X,0.125W,1©0PPM 


148203 


91437 


CMF55249F 


1 


R 


2 








RES,MF,4.45K.+-1X.O.125W,10OPPM 


294918 


91437 


CMF551272F 


1 


R 


3 








RES,VAR,CERM, 1K,+-10X,0.5U 


285155 


71450 


340S102A 


1 


R 


4 








RES,CF,10K,+-5X,0.25U 


348839 


80031 


CR251-4-5P10K 


1 


R 


4" 


9 






RES,CF,5.1,*-5X,0.25U 


441287 


80031 


CR251-4-5P5R1 


4 


R 


10. 


13 






RES,CF,220,+-5X.0.25U 


342424 


80031 


CR251-4-5P220E 


2 


R 


1 1 








RES.CF, 1 ,+-5X.0.25W 


357445 


80031 


CR251-4-5P1E 


1 


R 


12 








R£S,CF,e.51 ,+-5X,0.25U 


381954 


80031 


CR251~4-5P0R5E 


1 


5 


1 








SLIDE SWITCH, DPDT SWIDGET JR. 


452842 


89S;T4 


452842 


1 


TP 


1- 


11 






CONN.TAB.FASTON.PRESS-IN.O.I 10 WIDE 


312889 


02440 


42395 


11 


VR 


7 






« 


ZENER. UNCOHP, 4.3V, 5X, 20.0MA. 0.4U 


325811 


©7910 


1N753A 


1 


U1. 


2.4. 


5 AND 


1 A3U1 


LISTED IN TABLE 5-4 (A3>. 
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OPTION 

NO. 



TITLE PAGE 

High-Stability Reference 130-1 

Medium-Stability Reference 132-1 

lEEE-tSS Interface 488-1 

Low-Rate Fm 651-1 

Rear Panel RF Output and Mod Input 830-1 
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OPTIONS 



6-1. INTRODUCTION 

This section includes the theory of operation, a circuit description, and maintenance 
instructions for each option. The IEEE-488 Interface option Theory of operation is 
covered in Section 2 . 



I 

i 





Option -130 

High-Stability Reference 




130-1. INTRODUCTION 

Option -130 the High-Stability Reference, with the rear panel REF INT/EXT switch set 
to INT, configures the Generator’s reference to be supplied by the High-Stability 
Reference, 

130-2. OPERATION 

The High-Stability Reference consists of the Auxiliary Power Supply (A3A2), and an 
Ovened Oscillator ( Y 1 ). The Auxiliary Power Supply is mounted inside the Generator on 
the rear panel, and the Ovened Oscillator is mounted inside the instrument on the side 
rail. Only the Auxiliary Power Supply is field repairable, and it is described here. The 
Auxiliary Power Supply is also available under the Module Exchange program. 

130-3. CIRCUIT DESCRIPTION 

The Auxiliary Power Supply is connected directly to the line power on the 
fuse/filter/ line-voltage selector assembly to supply power to the Ovened Oscillator even 
when the Generator POWER switch is off. The Auxiliary Power Supply PCB (A3A2A1) 
includes a linear-regulated supply and an automatic line-voltage selector circuit. 

The linear-regulated supply consists of a diode rectifier bridge CRl, filter capacitor Cl, 
voltage regulator U \ , and associated resistors R2, R3, and R4. The circuit associated with 
CR3, Q1 and U2, provides automatic line voltage selection between two line-voltage 
ranges. This is implemented by configuring the rectifier circuit as a bridge rectifier for the 
lower line voltages or as a center-tapped, full-wave rectifier for the higher line voltages. 

At low line voltages (less than approximately 150V ac), transistor Q1 is conducting, thus 
grounding the minus terminal of rectifier CRl and causing diode CR3 to be reverse 
biased. This causes the full secondary voltage of T1 to be rectified by the bridge rectifier, 
CRl. 

When the line voltage is greater than 1 80 V ac, (there is approximately 30V hysteresis), the 
comparator U2 turns off transistor Ql. Diode CR3 becomes forward biased, and the 
transformer center tap is effectively grounded. The voltage applied to the rectifier CRl is 
then half the secondary voltage. 

The comparator U2 input voltages are set by resistors Rl, R6, R9, and zener diode CR4. 
U2 controls the base of transistor Ql. The comparator switching point is set between the 
low and high line voltages, with sufficient hysteresis to accommodate variations in input 
loading. At very low line voltages, the resistor diode combination RIO and CR5, from the 
37V output of the main power supply, augment the Auxiliary Power Supply. 
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OPTION -130 

HIGH STABILITY REFERENCE 



The Ovcncd Oscillator output is disabled when the control line EXREFL is set low, i.e., 
when the REF INT / EXT switch is set to EXT during external reference operation. The 
status line HSOPTL, normally at +5V, is pulled to ground when the High-Stability 
Reference option Is installed. 

130»4. ADJUSTMENTS 

TEST EQUIPMENT 

Frequency Standard 
Oscilloscope 

Two 3-ft. 50-Ohm coaxial cables, Y9II1 
REMARKS 

The voltage adjustment (A3A2Al’R4) should be made after the first half hour of the 
three-hour Generator warmup period has begun. For the best results in the frequency 
accuracy adjustment, the Generator should be operated at room temperature for at least 
three hours before continuing with the adjustment procedures. 

PROCEDURE 

The High-Stability Reference Power supply voltage is first adjusted. Then the UUT 
reference and the Frequency Standard waveforms are viewed on the oscilloscope while 
triggering on the Frequency Standard. The evened oscillator FREQ ADJ, COARSE, 
and then FINE are adjusted for a stationary display. 

Voltage Adjustment 

1. Remove the Generator top cover. 

2. Connect the DMM to the UUT. Connect the positive lead to TPl and the 
negative lead to TP3. 

3. Adjust R4 for 23.4 ± 0.1 V. 

4. Remove the DMM connections from the UUT and replace the top cover 
(temporarily). Wait the remaining Generator warmup time, and perform the 
frequency accuracy adjustment. 

Frequency Adjustment 

1. Remove the top Generator cover and the two FREQ ADJ access .screws from 
the top of the evened oscillator. 

2. Connect the Frequency Standard signal to the oscilloscope vertical input 
channel 1,50 Ohms termination. Connect the UUT rear panel 10 MHz OUT to 
the oscilloscope vertical input channel 2, 50 Ohms termination. 

3. Set the UUT rear panel UUT REF INT/EXT switch to INT, 

4. Set the vertical controls of the oscilloscope to display the UUT lO-MHz signal 
and the Frequency Standard 10-MHz signal. Set for internal triggering on 
channel 1, and adjust timebase for O.l/xsec/div. 
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OPTION -130 
HlOH STABILITY REFERENCE 




5. Adjust the oscilloscope COARSE, and then adjust the FINE controls for a drift 
of less than one cycle in 10 seconds (for O.OI ppm or better if desired, 

130-5. LIST OF REPLACEABLE PARTS 

Table 130-1 lists replaceable parts for the 6060A-130. Figure 130-1 is the component 
location diagrams for the 6060-130. 
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HIGH STABILITY REFERENCE 











TA»LC <30-1. A3A2A1 HKH-fYA8lL.ITY (OVCHED) REPERENCE 


PCA 














(SEE FIGURE 130-1 . 


















Fluke 


MFRS 


MANUFACTURERS 




R 








STOCK 


sply 


PART NUMBER 


TOT 


S 




>HUMERICS- — ? 


S 


-DESCRIPTION 


-NO-- 


CODE- 


— OR GENERIC TYPE — 


QTY 


-Q 


c 








CAR , AL , 470UF , *50-20X , SOV 


478792 


89536 


478792 


1 




c 


2 , 


6 




CAP,TA,4.7UF, i-20X,50V 


3^3721 


56209 


196D475X90I5HA1 


2 




c 


3, 


4 




CAP, Tft, 10UF, ♦-30X, 33V 


4174B3 


36289 


196D106X0033KA1 


2 




c 


3 






Car, AL, 1 OOUF, *3<}-50X, 50V 


6497S1 


89536 


649731 


1 




c 


7 






CAP , POL YES , 0. 1 Ur , ♦ • 1 OX , SOV 


A96484 


89536 


696404 


1 




c 


e 






CAP , POL YES , 0 . t UF , 1 0X , 1 OOV 


393439 


80031 


719A1 


1 




CR 






• 


dii3de,si,rect,brid(;e,bv=3oov, io=i .oa 


294309 


09423 


FB200 


1 


1 


CR 




3, 3 


• 


DIODE, SI, 1(J0 RIV, 1.0 AMP 


343491 


01295 


1N4002 


3 


1 


CR 


6 




tt 


DIODE, SI, BV- 7S,OV,I0“13OMA,30e HW 


2(53323 


07910 


1N4448 


1 


1 


.) 


Z • 


3 




CONN, POST, PUB, . 025313, NON- I NJUU, SELECT 


267300 


00779 


87022-1 


0 




Q 








TRANSISTOR, SI , BV-60V, 65U , TO-220 


386128 


09536 


386128 


1 




R 








RES.MF , 49.9K 0. 123U, 1 OOPPM 


268821 


91637 


CMF554992F 


1 




R 


2 






RES , MF , 249 , < • 1 X , 0 . 1 25U , 1 OOPPM 


166203 


91637 


CMF35249F 


1 




R 


3 






RES.MF , 4.63K .♦-1X,0,135U, 1 OOPPM 


333323 


91 637 


CMF334021 f 


1 




R 








RES,VAR,C£RM,300,'>-10X,0.3w 


325613 


89536 


325613 


1 


1 


R 


n 






RES,CC,2,7,*"5X,0,5U 


218743 


B9336 


218743 


1 




R 


6, 


9 




RES,MF, A. 34K , --ll, 0. 1 23U, 1 OOPPM 


267344 


91637 


CMF55634IF 


2 




R 


7 






RES,CF,4.7K,«-SX,0.25W 


348021 


01121 


CD4723 


1 




R 


8 






RES,CF,10K,*'5X,0.25W 


348639 


80031 


CR231 -4-3P10K 


1 




R 


10 






RES,CC,t00,*-50X,2U 


109934 


01 1 21 


HB1011 


1 




r 


1 






TftANSFORMeR.AUXILIARY 


731291 


89536 


731291 


1 




rp 


• 


4 




CONN,TAP,FASTON,PRESS-IN,0.1 10 UIDE 


512889 


02660 


62395 


4 




u 








IC.VOT ReC,ADJ,f.2 TO 37V, 1.5 AMPS 


460410 


89536 


460410 


1 




u 


2 




■ 


1C, COMPARATOR, DUAL, LO-PWR, 8 PIN DIP 


478354 


12040 


LM393N 


1 




VR 






M 


ZENER, UNCOHP, A. 2, 2X, 20.0MA, 0,4U 


325003 


69536 


325803 


1 


1 


Y 








OSCILLATOR, 10 MHZ 


512079 


89S36 


512079 


1 






Figure 130-1. A3A2A1 High Stability (Ovened) Reference PCA 
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Option -132 

Medium-Stability Reference 



132-1. INTRODUCTION 

The Medium-Stability Reference, Option -132, provides the Generator with a medium- 
stability frequency reference. 

132-2. OPERATION 

The Medium-Stability Reference is selected as as the Generator’s reference when the 
Generator’s rear panel REF INT/EXT switch is set to INT. 

NOTE 

The Mediurn'^Stability Reference does not have standby power nor is its oven 
kept warm during external reference operation. Therefore, each time the 
Medium-Stability Reference is selected, a warm-up time is required to meet 
specifications. The warm-up time is typically 5 to JO minutes. (See the 
specifications for details.) 

132-3. CIRCUIT DESCRIPTION 

The Medium-Stability Reference printed circuit assembly (PCA A5A1) consists of an 
evened oscillator (Yl) and an ac-to-TTL converter. The PCA is field repairable and is 
also available under the Module Exchange Program. The ovened oscillator (Yl) is not 
field repairable and is not described here. 

The PCA is mounted on the left side rail. The PCA is connected to the +5V power supply 
and to control signals via cable W25. The output is connected to the Synthesizer PCA 
(A2A1) through cable W24. 

Two NAND gates of U1 are used to convert the oscillator’s ac-coupled output to a TTL 
signal. Another N AND gate of U 1 and transistor Q 1 control the power for the oven and 
oscillator circuit of Yl. 

When the REF INT/EXT switch is set to EXT for external reference operation, the 
control line EXREFL is set low. This disables the oven and oscillator circuit of Yl and 
also disables the ac-to-TTL converter to prevent it from oscillating spuriously. 

132-4. ADJUSTMENT 

This procedure is used to adjust the frequency of the Medium-Stability Reference. For 
the best results, the Generator should be warmed up at room temperature before 
proceeding with the adjustment procedure (see step 1, below). 
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OPTION -132 

MEDIUM STABILITY REFERENCE 



The following test equipment is required: 

Frequency Standard 

Oscilloscope 

Two 3-ft, 50-ohm coaxial cables (Fluke Accessory Y91 II) 

In this procedure, the waveforms of the Unit Under Test (UUT) and the Frequency 

Standard are viewed on the oscilloscope while triggering on the Frequency Standard. 

The evened oscillator’s FREQ ADJ control is then adjusted for a stationary display. 

NOTE 

An alternate method of adjustment is to count the lO-MHz reference signal at 

the 10 MHz OUT connector with a counter that has a suitably stable and 

accurate reference. 

To perform the procedure, proceed as follows; 

1. Turn the Generator on, set the REF INT/EXT switch to INT, and then wait 1 
hour. (If the Generator has already warmed up for at least 40 minutes, it is 
sufficient to wait an additional 20 minutes after the the REF INT/ EXT switch is 
set to INT.) 

2. Remove the top Generator cover. The frequency adjustment control is accessed 
through the upper rear left side. 

3. Connect the Frequency Standard’s output signal to the oscilloscope’s vertical 
input channel I, with 50 ohms termination. Connect the UUT’s rear panel 
lO-MHz OUT to the oscilloscope’s vertical input channel 2, with 50 ohms 
termination. 

4. Set the vertical controls of the oscilloscope to display the UUT’s lO-MHz signal 
and the Frequency Standard’s lO-MHz signal. Set the oscilloscope for internal 
triggering on channel 1 and adjust the timebase for 0.1 usec/division. 

5. Adjust the oscillator FREQ for a drift of less than one cycle in 10 seconds (or a 
counter frequency within 0. 1 Hz of 10 MHz) for O.OI ppm or better if desired. 

132-5. LIST OF REPLACEABLE PARTS 

A list of replaceable parts for Option -1 32 is shown in Table 1 32- 1 . A component location 

diagram for Option -132 is shown in Figure 132-1. 
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Option -488 

IEEE-488 Interface 








488-1. INTRODUCTION 

The IEEE-488 Interface (Option ^SS), consists of the IEEE-488 printed circuit assembly 
(A3A3AI) mounted in a metal frame on the Generator rear panel. It is interfaced directly 
with the Controller assembly A2A7. 

488-2. OPERATION 

The operation of this option is covered in Section 2 of this manual 

488-3. CIRCUIT DESCRIPTION 

The IEEE-488 Interface uses an NEC ;tPD7210 Talker/ Listener IC (Ul) to handle all 
IEEE-488 standard communications protocol. All data, address, and control lines to the 
7210 are buffered on the Controller. Two MC3447 bus drivers (U3 and U4) interface the 
7210 directly to the IEEE-488 bus. 

The presence of the optional IEEE-488 Interface is detected by the microprocessor when 
the option is plugged into the Controller board. The signal lEINL, normally at +5V, is 
pulled to circuit ground when the option is installed. 

488-4. Address Switches 

Tri-state buffer U6 provides the status of the IEEE-48S rear panel address switches when 
the Generator is interrogated. These switches determine the IEEE-488 bus address and 
talk-only (to) or listen-only (lo) modes. When opened, the switch just to the left of the 
IEEE-488 bus connector disconnects the bus shield ground from the system ground. 

488-5. MAINTENANCE 

This option does not change the performance test or calibration adjustments of the 
Generator. Troubleshooting information for this option is in Section 4D under Digital 
and Control troubleshooting. 

488-6. LIST OF REPLACEABLE PARTS 

Table 488-1 lists replaceable parts for the 6060A-488. Figure 488-1 is the component 
location diagrams for the 6060A-488. 
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FLUKE 


MFRS 


MANUFACTURERS 




R 


DESIGNATOR 




STOCK 


SPLY 


PART NUMBER 


TOT 


S 


A” 


NUnbKiUi > 


S BtiLKiFliuN 


— NU"" 


CODE" 


--Oh GtNLKlC IYPE-" 


UIY 


"Q 


C 


1" 


4, 6, 


CAP,P0LyES,0.22UF,*-1OX,56V 


696492 


89536 


696492 


9 




C 


7, 


9- 11 




696492 










J 






CONN,PUB,RIBBON,90,24 POS.STC ORIENT 


658039 


89536 


658039 


1 




L 


i ~ 


3 


CHOKE. 6TURN 


320911 


69536 


320911 


3 




P 






CONN, PUB, SCKT, HOUSING, DIP, 26 


543S12 


00779 


86063-9 


1 




R 






RES.CF, IK, +-5X,6.25U 


343426 


60031 


CR251-4-5P1K 


1 




S 






PIANO MULTI-POLE, ST, SIDE ACTUATED 


656567 


89536 


658567 


1 




U 






• IC,NMOS,CPIB TALKER/LISTENER 


773143 


34649 


P8291A 


1 


1 


u 


3. 


4 


• IC,LSTTL,OCTL IEEE-488 BUS TRANSCVR 


524835 


04713 


MC3447P 


2 




u 


6 




* IC.LSTTL, OCTAL D TRANSPARENT LATCHES 


504514 


01295 


SN74LS373N 


1 


1 


u 


7 




• IC.LSTTL, OCTL BOS TRNSCVR U/3-ST OUT 


477406 


01295 


SN74LS245N 


1 


1 


u 


e 




1 IC.TTL.QUAD 2 INPUT AND GATE 


393066 


01 295 


SN74LS08N 


1 




XU 






SOCKET, DIP, 0.100 CTR,40 PIN 


429282 


09922 


DILB40P--108 


1 




XU 


3, 


4 


SOCKET, DIP, 0.100 CTR,16 PIN 


276535 


91506 


316-AC39D 


2 




XU 


3. 


4 


SOCKET, DIP, 0.100 CTR.B PIN 


478016 


91506 


308-AC39D 


2 




XU 


6. 


7 


SOCKET, DIP, 0.100 CTR,20 PIN 


454421 


09922 


DILB20P-108 


2 




XU 


B 




SOCKET,DIP,O.1O0 CTR,I4 PIN 


276527 


09922 


DILBSP-lOe 


1 




z 


i- 


4 


RES, NET, SIP, 10 PIN, 9 RES,10K,*-2X 


414003 


80031 


95061 0O2CL 


4 
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Figure 488-1. A3A3A1 IEEE-488 interface PCA 
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651-1, INTRODUCTION 

The Low-Rate FM (Option -651), extends the FM 3-dB bandwidth to a lower frequency 
(approximately 0.5 Hz instead of 20 Hz). This option makes the Generator useful for 
testing FM radios that use sub-audio tones or low-rate digital techniques. 

The option consists of a small printed circuit assembly A2A9 mounted atop the 
Synthesizer PCB. When installed, certain components are removed from the Synthesizer 
PCB, the option switch is set on the Controller, and a coupling capacitor is shorted on the 
Output PCB. A DIP switch on the Low-Rate FM PCB allows the Generator to be 
configured for Low-Rate FM or standard (normal) operation (except that the coupling 
capacitor on the Output PCB is shorted in both states). The DIP switch settings are listed 
in Table 65 M. 

651-2. OPERATION 

Operation of the Generator with the Low-Rate FM option is the same as operation of a 
standard instrument except that the maximum FM deviation is limited to 9.99 kHz. 

651-3. CIRCUIT DESCRIPTION 

The Low-Rate FM option allows frequency modulation at very low rates for use in digital 
modulation testing. In the low-rate mode, ac coupling capacitor A2A1 Cl6 is shorted to 
prevent any dc current from entering the loop amplifier (A2A I U27) and changing the 
phase-detector operating point. The voltage at the output of the audio integrator (A2A1 
U41-1) is kept at zero volts. 

Keeping the voltage at the output of A2A1 U41 at zero volts is accomplished with a 
voltage-zeroing loop consisting of A2A9 Ul. The positive terminal of this op-amp 
monitors the output voltage of the audio integrator through A2A9 R8. The negative 
terminal is connected to ground at A2A9 R9. By feeding current through A2A9 R7 back 
to the negative input of the audio integrator (A2A 1 U41), its output voltage is kept at OV. 
This is a lead-lag circuit with a low frequency break of approximately 0.3 Hz. 

Potentiometer A2A9 R4 adjusts the compliance of the voltage-zeroing loop. Part of the 
active high-pass filter ( A2A9 U4 1 ) is disabled by connecting the previous stage directly to 
A2A 1 C 11 4. Since the maximum deviation is limited to 9.99 kHz, the gain of the audio 
integrator and the VCO summing network (A2A1 R88, C117, CI46) is decreased by a 
factor of ten. The Generator can be reconfigured back to the normal mode by 
programming the DIP switches on the option board (See Table 651-1). 

651-4. PERFORMANCE TEST 

The Generator is externally frequency modulated with a low-frequency square wave 
signal. The droop of the demodulated signal is measured using a spectrum analyzer as an 
FM demodulator (slope detection is used). 
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REQUIREMENT 

FM Droop is less than 15% with lO Hz external square wave modulation. 
REMARKS 

When using the RF Spectrum Analyzer as an FM demodulator using slope detection, it is 
important to operate the RF Spectrum Analyzer detector in a linear range. This can be 
checked by stepping the UUT frequency up 5 kHz and then down 5 kHz from the 
operating point and noting that the display moves equal amounts. If it doesn’t, tune the 
RF Spectrum Analyzer slightly and check for linearity again. 

TEST EQUIPMENT 

Low-Frequency Synthesized Signal Generator (LFSSG) 

RF Spectrum Analyzer 

PROCEDURE 

1. Remove the Generator top and the Synthesizer module plate covers, 

2 . Connect the LFSSG TTL output through a 604-ohm resistor and a 320 uF, 6V 
capacitor to the UUT MOD INPUT. Thi.s provides a square wave 
approximately 2V p-p at the Generator's MOD input. 

.1 Program the LFSSG to 10 Hz and any level around IV. 

4. Program the UUT to the [RCL] [9][8] and 3-kHz deviation, This provides a 300- 
MHz signal at -10 dBm. 

5. Connect the input of the RF Spectrum Analyzer to the UUT RF OUTPUT, Set 
the RF Spectrum Analyzer so that the signal response is at the top of the display 
using linear detection. 

6. Program UUT for EXT FM. 

7. Using a lO-kHz Resolution Bandwidth and zero Span/Div, adjust either the 
Generator frequency or the RF Spectrum Analyzer tuning for slope detection to 
obtain a .square-wave display. Adjust Time/Div and Trigger a.s nece.ssary to 
obtain a stable square-wave display. 

8. Verify that the droop of the demodulated FM is less than 1 5%. For example, if 
the displayed square-wave amplitude (vertical edge) is 3.4 divisions, then the 
droop should be less than 0.51 divisions (0,15 x 3,4). 

651-5. ADJUSTMENT 

TEST EQUIPMENT 

DMM 

PROCEDURE 

The Offset adjustment (A2A9 R4) is set to OV, 

1. Program UUT to [RCL] [9][8] and 9.99 kHz deviation, and set the rear panel 
EXT/INT FM switch to EXT, with no external modulation signal applied. 
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2. With the DMM, measure the dc voltage at A2A9 Ul-6. Adjust R4 for OV ± 
O.IV. 

651-6. LIST OF REPLACEABLE PARTS 

Table 651-2 lists replaceable parts for the 6060A-651. Figure 651-1 is the component 
location diagrams for the 6060A-651. 



Table 651-1. Low-Rate FM DIP Switch 



NORMAL 


LOW-RATE FM 


1. Closed 


Open 


2. Open 


Closed 


Z, Closed 


Open 


4. Closed 


Open 


5. Not Applicable 


Not Applicable 


6- Open 


Closed 



661-3 




OPTION -651 

LOW-RATE Fm 



E 



E 



TABLE i3l-5. A2A9 LOW-RATE fn PCA 
(SEE FIOURE ASI "I . > 



REFCRE'KEE 
r>fSICNATOR 
A->N11MERICS- — > 


s BEi’CRIPTION - 


FLUKE 
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MFRS 

SPLT 
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MANUFACTURERS 
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— OR GENERIC TYPE" ' 


TOT 

STY 


C 


1 , 


2 


CAP.P0LYES,0,U»F,* 


••262,50V 


732983 


89536 


733083 


2 


C 


3 




CAP,PnLYES,0.4?Up| 


•*-lOX,56V 


714723 


09536 


714725 


1 


c 


4 




CAP,yA,3.3uF,*"2eX 


,20V 


43A071 


01994 


196D335X0020KA1 


1 


c 


i 




CAP,CER,100PF,»-2X 


, (00V, COO 


812940 


51406 


RPE121 


t 


c 


7 




CAp.CER, 1 OPF , ♦-2X, 


160V, COC 


512343 


09336 


512343 


1 


R 


( 




RES,MF,3e.lK,+-lX, 


0.125W,100PPH 


1 4B2EA 


91637 


MPF1-930I2F 


1 


R 


2 




RES.MF.SA.S.^-IS.O 


. 123U, 1 60PPM 


201010 


91637 


CMF5524R2F 


1 


R 


3 




RES.MF, Z.32K , *-1 X, 


«.125U,100PPM 


31 2A52 


91637 


CMF553321F 


1 


R 


4 




RCS,VAR,CERH,100K, 


♦ ••162, 6. 3U 


369520 


11236 


360T-164A 


1 


R 


5, 


7 


Re.T,CC,fi.SH,*-5Z, 0 


,25U 


394064 


01 1 21 


CD 


2 




6 




RES,CF.2OOK,»"SX,0 


.25U 


441405 


96631 


CR251-4''5P200K 


1 


R 


B, 


9 


REJ,CF, 1 .2M,f-5*,a.25U 


349995 


00031 


CR251 -4-5P1M3 


2 


u 


U 




RES,MF,4.99X , *"1X, 


6,125U,100PPH 


160253 


91637 


HFFI -94991 


1 


R 


1 3 




R£S,nF,49.9K,t-1X, 


O.133U,106PPM 


36B021 


91637 


CHF554992F 


1 


s 


1 




JUITCH, DIL, i-POl' 


, SPST, ASSY 


454124 


00779 


435166-4 


1 


u 


1 




* IC.OP AMR.JFET input, 0 PIN DIP 


472779 


1 2646 


LF396N 


1 


XU 


1 




SOCKET, DIP, 0.100 


CTR,8 PIN 


479616 


91506 


3O0-AC39D 


1 



E 
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Figure 651-1. A2A9 Low-Rate FM PCA 
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830-1. INTRODUCTION 

The Rear Panel RF Output and MOD Input (Option -830), moves the RF OUTPUT and 
MOD INPUT connectors from the front panel to the rear panel of the Generator. An 
insulating spacer is used when the RF OUTPUT connector is mounted on the rear panel 
to reduce ground loops. A longer semi-rigid coaxial S M A cable assembly ( W 1 7) replaces 
the standard cable (Wl). The option switch on the Controller is set to indicate that the 
option is installed. 

830-2. OPERATION 

The additional signal loss of this longer cable is compensated using instrument- 
independent correction data stored in the Output Calibration EPROM. The Controller 
applies this correction data only when the rear panel RF Output and MOD Input option 
jumper is installed on the Controller PCB, 

830-3. CIRCUIT DESCRIPTION 

This option does not change the operation or specifications of the Generator. 

830-4. MAINTENANCE . 

This option does not change the performance tests, calibration, adjustment, or service oi 

the Generator. 
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7-1. This section of the manual contains generalized 
user information as well as supplemental information to 
the List of Replaceable Parts contained in Section 5. 
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List of Abbreviations and Symbols 



A or amp 


ampere 


hf 


high frequency 


( f) or pos 


positive 


ac 


alternating current 


HZ 


hertz 


pot 


potentiometer 


at 


audio frequency 


1C 


integrated circuit 


p.p 


peak-to-peak 


a/d 


anaiog-to-digitai 


if 


intermediate frequency 


ppm 


parts per million 


aasy 


aasembly 


In 


inch(es) 


PROM 


programmablle read-only 


AWG 


american wire gauge 


inti 


internal 




memory 


B 


Pel 


I/O 


input/output 


0Sl 


pound-force per square inch 


bed 


binary coded decimal 


k 


kilo (10=) 


RAM 


random-access memory 


‘>C 


Celsius 


kHz 


kilohertz 


rf 


radio frequency 


cap 


capacitor 


kO 


kilohm(s) 


rms 


root mean square 


CCW 


counterclockwise 


kV 


kilovoll(s) 


ROM 


read-only memory 


cor 


corarnic 


If 


low frequency 


s or sec 


second (time) 


cermet 


ceramic to metai(seai) 


LED 


light-emitting diode 


scope 


oscilloscope 


ckt 


circuit 


USB 


least significant bit 


SH 


Shield 


cm 


centimeter 


LSD 


least significant digit 


SI 


silicon 


cmrr 


common mode rejection ratio 


M 


mega (10'"') 


serno 


serial number 


comp 


composition 


m 


milli (10-'’) 


sr 


Shift register 


com 


continue 


mA 


milliampere(a) 


Ta 


tantalum 


cri 


cathode-ray tube 


max 


maximum 


tb 


terminal board 


cw 


Clockwise 


mf 


metal film 


tc 


temperature coefficient or 


d/a 


digital-to-analog 


MHz 


megahertz 




temperature compensating 


dac 


digital-to-analog converter 


min 


minimum 


texo 


temperature compensated 


dB 


decibel 


mm 


millimeter 




crystal oscillator 


dc 


direct current 


ma 


millisecond 


tp 


test point 


dmm 


digital multimeter 


MSB 


most significant bit 


u orp 


micro (10"'‘) 


dvm 


digital voltmeter 


MSD 


most significant digit 


uhf 


ultra high frequency 


elect 


electrolytic 


MTBF 


mean time between failures 


us er 


microsecond(s) (10*") 


ext 


external 


MTTR 


mean time to repair 


uut 


unit under test 


F 


farad 


mV 


millivoltls) 


V 


volt 




Fahrenheit 


mv 


multivibrator 


V 


voltage 


F6T 


Field-effect traneistor 


MG 


megohm(s) 


var 


variable 


fl 


flip-flop 


n 


nano (10'») 


vco 


voltage controlled oscillator 


freq 


frequency 


na 


not applicable 


vht 


very high frequency 


FSN 


federal stock number 


NC 


normally closed 


vlf 


very low frequency 


g 


gram 


(-) or neg 


negative 


w 


watt(s) 


0 


giga (tO*) 


NO 


normally open 


ww 


wire wound 


gd 


guard 


ns 


nanosecond 


xfmr 


transformer 


Ge 


germanium 


opnl ampi 


operational amplifier 


xstr 


transistor 


GHz 


gigahertz 


P 


pico (10"') 


xtal 


crystal 


gmv 


guaranteed minimum value 


para 


paragraph 


XtIO 


crystal oscillator 


gnd 


ground 


peb 


printed circuit board 


o 


ohm(s) 


H 


henry 


pF 


picofarad 


u 


micro (lO''') 


hd 


heavy duty 


pn 


part number 
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Federal Supply Codes for Manufacturers 



D9816 


02533 


04713 


D666S 


Westennann Wilhelm Augusu-Ankge 


Leigh Instruments Ltd. 


Metorda Ine. 


Precision Monblithics 


Mannheun-Naclcuau Geanany 


Frequeney Control Div. 


Semieonduour Group 


Sub of Bourns Ine. 




Don Mills, Ontario, Canada 


Phoenix, Arizona 


Santa Clara, California 


00199 

Marcon Electronics Cotp 


02606 


05236 


06666 


Kearny, New Jcis^ 


FcnwalLabs 


Jonathan Mfg. Co. 


General Devices Co. Inc, 




Division of Tzavensl Labs 


Fullerton, California 


Indianapolis, Indiana 


00213 

NytfOfiics Comp. Group Inc. 


Morton Grove, Illinois 


05245 


06739 


Darrlingon, South Catolim 




Coitom Inc. 


Plectzon Cesp. 




0266 


Libertyville, Illinois 


Littleton, Colorado 


00327 


Bunker Ramo-Ellra Coup. 






Welwyn International Inc. 


Amphenol NA Div. 


05276 


06743 


Westlake, Ohio 


Broadview, Illinois 


ITT Pomona 


Gould Bic. 






Electronics Div. 


Foil Div. 


00656 


02735 


Pomcna, California 


Eastlake, Ohio 


Aerovox Corp. 

Now Bedford, Massachusetts 


RCA-Solid StsteDiv. 
Somerville, New Jeis^ 


05277 


06751 

Components Ine. 


00686 


02799 


Westinghousc Elec. Corp. 


SemcorDiv. 


Film Capacitors Inc. 


Arco Electrcnics Inc. 


Semiconductor Div, 


Phoenix, Atixona 


Passaic, Now Jersey 


Chatswonh, Califbmia 


Yotmgwood, Rsruisylvania 




00779 


03508 


05397 


06776 


AMP, Inc. 


General Eleeirie Co. 


Union Carbide Corp. 


Robinson Nugent Inc. 


Harrisbuig, Pennsylvania 


SemiocndwtOi Products dt Batteries 


Mateoals Systems Div, 


New Albany, Indiana 




Aubum, New Yodc 


Cleveland. Ohio 




01121 






06915 


Allen Bradley Co. 


03797 


05571 


Richco Plastic Co. 


Milwaukee, Wisconsin 


Geniseo Technology Coip. 


Sprague Eleetrie Co. 


Chicago, 




Eldonics Div. 


(Now 56289) 




01281 


Rancho Dominquez, Calif. 




06961 


TKW Electrcnics & Defense Sector 




05574 


Vemition Corp. 


Lawndale, California 


03877 


Vildng ConnectoB Inc 


Piezo Electiie Div. 




Gilbert Engbeezing Co.Inc 


Sub of Crilcn Coip. 


Bedford, Ohio 


01295 


Incon Sub of Transitzen 


Chatsworth, Calif. 




Texas Instruments Inc. 


Electronic Corp, 




06980 


Semieonduetoi Group 


Glendale, Atizm 


05820 


Vaiian Associates Ine. 


Dallas.Texas 




EG & G Wakefield En^eeting 


Eimae Div. 




03888 


Wakefidd, Massachusetts 


San Cailos, California 


01537 


KDI Bleetroriles Ine. 






Motorola Communications & 


PyroElmDiv. 


05972 


07047 


Electronics Inc. 


Whippany, New Jeisey 


Loctite Corp. 


Ross Milton Co.,'fhe 


Franklin Park, IlliAois 


03911 


Newittgten, Connecticut 


Southampton, Penna. 


016S6 


Qairex Corp. 


06001 


07138 


RCL Eleotrordcs/Shallcross Inc, 


daiiex Eleetzomes Div, 


Genoal Eleeuie Co. 


Waidnghouse Electiic Corp. 


EIbcuo CcanpOnenU Div, 


Mmnt Vetnen, New York 


Bleetiic Capacitor Product Soedon 


Indusuid &, Government 


Mandtesier, New Hampshire 




Columbia, $. Carolina 


Tube Div. 


03980 




Honeheads, New York 


01884 


Muiihead Inc. 


06141 




Sprague Electric Co. 


Mountainside, New Jcis^ 


Fairchild Westen Syttenu Ino. 


07233 


(Now 56289) 




Data Systems Div. 


Benohmoik Technology Inc. 




04009 


Ssnwou, Flozida 


City of Industry, Calif. 


01961 


Cooper Industzies, Inc. 






Virian Associates Inc. 


Arrow Hart Div. 


06192 


07239 


Pulse Enginecfittg Div. 


Hartford, Connecticut 


LsDeaubffg.Co. 


Biddle Instruments 


Convoy, Connecticut 


04217 


Glendale, California 


BIueBOU, Penna. 


02111 


Essex Intematienal Ine. 


06229 


07256 


Speeubl Eloetronies Coip. 


Wire & Cable Div. 


Electrovert Ine. 


Silicon Transistor Coip. 


City of Indusuy, California 


Anaheuti, CaHfomia 


Elmsford, New Yoik 


Subcf BBF Inc, 
Chelinsfoid, Massachusetts 


02114 


omi 


06383 




Amperex Electronic Corp. 


Midlsnd*Ross Corp. 


Panduit Corp. 


07261 


Ferrox Cube Div. 


MidtexDiv. 


Tinloy Park, Illinois 


Avnet Corp. 


Saugeities, New Yoik 


N. Mankato, NCnnesoti 


Culver City, California 




06473 




02131 


04222 


Bunker RamoCoip. 


07263 


General Instrument Corp.uovemment AVXCoip. 


Amfbcndl NA Div. 


Fairchild Camera Sc Instrument 


SystenuDiv. 


AVX Cezamics Div. 


SAMS Operation 


Semiconductor Div. 


Westwood, Massachusetts 


Myrtle Beech, S. Cazdina 


Chatswo^, California 


Mountain View, California 


02395 


04423 


06555 


07344 


SfttarRadio Coip. 


Tdonic Berkley Inc. 


B eede Eleorical Instrument 


Bizcher Co. Inc., The 


Hollywood, Florida 


Laguna Beach, California 


PeMOodt, New Hampshire 


Rochester, New York 




Federal Supply Codes for Manufacturers (cont) 



07557 

Campion Co, Inc. 
Philadelphia. Pauia. 

07597 

Bumdy Corp. 

TapiVCabJc Div. 

Roduaficf, New York 

07716 

TRW Lie, (Can vise 11502) 
IRC Fixed Resistors/ 
Duilin^ton 
Burlin^^lon, Iowa 

07792 

I,eiina Enj^neoiin^ Coip. 
Northampton, Massnchiuetlx 

07810 
Bock Coip. 

Miidison, Wisoonsin 

07933 

Rnythcon Co, 

Swniconductoi Div. 
Moumairt View, Calif. 



0S23S 

Industfo Transistoi Corp. 
Long Island City, New Yodc 

082<il 

Speciia-Slrip 
An Rltra Co, 

Clarden Crove, Calif. 

0SS30 

Rulianuo Mica Coip. 

Brooklyn, New York 

087 IS 

ITT Cannon Electric 
Phoenix Div. 

Phoenix. Arizona 

08806 

General Electric Co. 

MinatUie Lamp Products 
Cleveland, Ohio 

08863 
Nylomatic 
Fallsington. Penna. 

08938 

Skotlic Electronics Inc. 
Archbald, Pennsylvania 

09021 
Airco Inc. 

Airco Eloctronica 
Bradford, Penna. 

09023 

Comcll-Dubtlier Electronics 
Fuquay-Varina, N. Carolina 

09214 

GotCral Electric Ce. 
Semiconductor Products Dept. 
Auburn, New York 

09353 

C and K Components Inc. 
Newton, Massachusetts 



09423 

Scientific Components Inc. 
Santa Barbara. Califomii 

09579 

erS of Canada, Ltd 
Stieetsville, Ontario 

09922 

Bumdy Coip. 

Norwalk, Connecticut 



09969 

Dale Electronics Inc. 
YanJeton, South Dakota 

09975 

Burrou^s Coip. 
Electronics Components 
Detroit, Michigan 

10059 

Barker Engineering Corp. 
Kenilworth, New Jersey 

10389 

Illinois Tool Works Inc, 
LlconDiv, 

Chicago. Illinois 



I0S82 

CT$ of AshovilJe 
$kyUnd. N. Carolina 



11236 
ers Coip, 

Beme Div. 

Beme, Indiaria 

11237 

CTS Corp of California 
Paso Robla Div. 

Paso Robles, CalUbmia 

11295 

ECM Motor Co. 
Schaumburg, Illinois 



11358 

Columbia BrOadcasiing $yslsn 
CBS Electronic Div. 

NewburypOrt, Massachusetts 

11403 

Vacuum Con Co.Best Coffee Maker Div, 
Chicago, Illinois 

11502 
TRW Inc. 

TRW Resistive Products Div, 

Boone, North Carolina 

11503 

Keystone Columbia Inc. 

FiujiiOnl, Indiana 



11532 

Telcdyno Relays Teledyne 
Industries Inc. 

Hawthorne, Galifomia 



11711 

General Instrument Corp, 
Rectifiez Div, 
HicksviUe.NewYotk 

11726 

Quaiidyne Corp. 

Santa Clara, California 

120)4 

Chicago Rivet & Machine Co. 
Naperville, lUintas 

12040 

National Semiconductor Corp, 
Danbury, Connecticut 

12060 
Diodes Inc. 

Northiidge, California 
12136 

PHC Industries Inc. 

Formerly Philadelphia Handle Co. 
Camden, New Jensey 

12300 

AMF Canada Ltd. 
Potter-Brumfield 
Guel{^, Ontario. Canada 

12323 

Plactical Autemation Inc. 

Shelton, Connecticut 

12327 

Freeway Corp. 

Qeveland, Ohio 

12443 

Budd Co^lTte 
Plastics Products Div. 
Fhoenixville, Pcamsylvania 

J2581 

Hitachi Metals Inemational Ltd. 
Hitachi Magna-Lock Div. 

Big Ra{^s, Missouri 



12615 

U$ Temiinals Inc. 

Cincinnati, Ohio 

12617 
Hamlin Inc. 

Lake Mills, Wisconsin 

12697 

Qarostat Mfg. Go. Inc. 
Dover, New Hampshire 

12749 

James Electronic Inc. 
Chicago, Illinois 

12856 

Micro Metals Inc. 

Anaheiffl, Califontia 

12881 

Meux Coip. 

Edison, New Jersey 

12895 

Cleveland Eleetric Motor Co, 
Cleveland, Ohio 



12954 

Microsomi Corp. 

Ccmpcncaita Group 
ScoUsdale, Arixou 

12969 

Unitrode Corp, 

Lexingtm, Massachusetts 

13050 
Potter Co. 

Wesson, Mississippi 

13103 

Thermalloy Co,, Inc, 

Dallas, Texas 

13327 

Solitroi Devices Inc. 

Tappan, New York 

13511 

Bunker-Ramo Corp. 

Amphenol Cadre Div. 

Los Gatos. Galifomia 

13606 

Sprague Electric Co. 

(Use 56289) 

13689 

SPS Teehnologicsi Inc. 

Hatfield, Pennsylvania 

13919 

Burr-Brown Research Coip. 
Tucson, Arizorts 

14099 

Seantech Corp. 

Newbury Pa^, California 

14140 

McGray-Ediaon Co. 
Commercial Development Div. 
Manchester, New Hampshire 

14193 

Cal-R-Inc. 

Santa Moiica, California 
14298 

American Components Inc, 
an Insilco Co, RPC Div, 
Conshohodten, Pennsylvania 

14298 
ACIC Inc. 

Sub of Insilco Corp. 

Research Triangle Park, NC 

14329 

Wells Electronics Inc. 

South Bend, Indiana 

14482 

Watkins-Johnson Co, 

Palo Alto, California 

14552 

Microsemi Corp. 

Santa Ana, California 

14655 

Comell-Dublior Electrcojics 
Div. of Pedsal Paoiic 
Electric Co. Govt Com DepL 
Newark, New Jmey 







Federal Supply Codes for Manufacturers (cont) 







14704 


16733 


18927 


23936 


Cxydom Corttfola 


Cablewave Systems loc. 


GTE Products Corp. 


William J. Purdy Co, 


(Division of Int Rociifjer) 


North Haven, Conneetieut 


Precision Material Products 


Parooior Div, 


El Sogundo, CaUfomia 


16742 


Business Forts Div. 
Titusville, Pentis^vania 


Bwlingante, Califomia 


14752 


Ihiamount PlastjcB 




24347 


Eleooo Cube Ino. 


Fabricators Ine. 


19315 


Poti Engineering Co, 


San Gabiid, Califoraia 


Downey, Califomia 


Bendix Crap.,The 
Navigation & Control Group 


S. El Monte, Califomia 


14936 


167S8 


Terboro, New Jersey 


24355 


General Inswimeni Coip. 


Geneeal Motora Corp. 




Analog Devices Inc. 


Discieto Semi Conductor Div. 


Delco Bkctienics Div, 


194S1 


Norwood, Maasachusetrs 


Hicksville.NewY«l£ 


Kokomo, Indiana 


Perine Machinery St Supply Co.. 
Kent, Waahing;ton 


24444 




17069 




General Semiconductor 


14949 


Circuit Structures Lab 


19613 


Industries, Inc. 


Trotnpetcf Elecuonics 


Burbank, Califomia 


Minnesota Mining & Mfg- Co. 


Tempe, Arizona 


Chatswoith, California 


17117 


Textotd Products DqX. 
Electronic Product Div, 


24655 


15412 


Electronic Molding Corp. 


Irving, Texas 


Oenradlnc. 


Amtion 


Woonsocket, Rhode Island 




Conocsd, Massariiusetts 


Midlothian, Illinois 


17338 


19647 

Caddock Electronics Inc. 


24759Lortox-Fugle Electronics Ino. 


15542 


High FtessuieEng. Co. hic. 


Riverside, California 


South PlainEeld, New Jersey 


Scientific Components Coip. 
Mini'Circuits Laboratory Div. 


Oklahoma City, Oklahoma 


19701 


24796 


Bmoklyn, New York 


17545 


M^ieo/Centralab Inc. 


AMP Inc. 




Atlantic SemiconductRs Inc. 


A N. American Philips Co. 


Potter St Bnimfteld Div, 


15636 

Elec-Trol Ino. 


Asbury Park, Now Jersey 


Mineral Wella, Texas 


San Juan Capistrano, Calif. 


Savgus, California 


17745 


205S4 


24931 


Angstiohm Precision, btC- 


Enochs Mfg. Inc. 


Specialty Connector Co. 


15782 

Bauich &. Lomb Inc. 


Hagerstown, Maryland 


Indianapolis, Indiana 


Greenwood, Indiana 


Oiaphile$ &■ Conml Div, 


17856 


20891 


25088 


Austin, Texas 


Silieonix Ine. 


CosarCoip. 


SiemertCotp- 




Santa Qan. CUlifornia 


Dallas, Texas 


Isilm, New Jersey 


15801 


18178 


21317 


25099 


Penwsl fiietionin Ino. 


BG&Gvoeieelne. 


EloBtroAics Applications Co. 


Cascade Gasket 


DiviofKidde Ine, 
FraiHlAghaM, Massachusetts 


St Ixwis, Missouri 


El Mcnte, CsUfoniia 


Kent, Washington 
25403 


18324 


21604 


15818 


Signedcs Corp. 


Buckeye Stamping CO- 


Ampeiex Electronic Corp. 


Teledyne Ino. Co. 


Sanamenio, Califomia 


Columbus, Ohio 


Semiconductor St Micro*Circuii Div. 


Teledyno Semiconductor EHv, 




Slatersville, Rhode Island 


Mountain View, CJalifOmia 


1SS20 


21845 






Sharp Eleettortiea Corp. 


Solitron Dwices Inc. 


25706 


15849 


Paramus, New Jen^ 


ScRiiccnductor Group 


Dabum Electronic St Cable Corp. 


Usecolno. 




Riven Beach, Florida 


Norwood, New Jersey 


(Now 88245) 


18542 
Wabash Inc. 


22526 


26629 


15898 


Wabash Relay & Electronics Div. 


DuPont, El DeNemours St Co. Ine. 


Reguency Sources Inc. 


Intenutional Business 


Wibash, bidiuia 


DuPont Connector Systems 


Sources Div. 


Machines Cotp. 




Advanced Products Div. 


Chrimsford, Massachusetts 


Essex Junetion, Vorment 


18565 

ChoRieries Ine. 


New Cumberland, Pennsylvania 




16245 


Wobom, Massaehusetis 


22767 


26806 


Conap Inc. 


nr Semiconductcra 


American Zettlcr Inc. 


Olean, New York 


18612 

Vishay Intotuduiology Inc. 


Palo Alio, California 


Irvine, California 




Vishay Rerislor Products Groi^ 


22784 


27014 


Space-Lok Ine. 
Buibiflk. California 


Malvern, Pennsylvania 


Palmer Inc. 
develiuid, Ohio 


National Semiconduetor Corp, 
Sanu Ctara, California 




Norton-Chemplasi 


23050 


27167 


CodiCorp. 


Santa Monica, California 


Product Cemp. Corp. 
Mount Vernon, New Yoik 


Coming Gloss Works Coming 
Electzonics 


liitdon. New Jersey 




Wilmington, North Caiolina 


16469 


18677 


23732 




Scanbe hffg, Co. 


Tracer Applied Sciences Inc. 


27264 


LaOnnge, Illinois 


Div. of Zero Corp. 
El Monts, Califomia 


Rookville, Maryland 


Mbleotlrtc. 
Lisle, Illinois 


16473 

Cambridge Scientific Industries 
Div. of Chemed Cerp. 
Csmbridg^ Maryland 


18736 

Vollronies Corp. 


23880 

Stanfeed Applied Engineering 


27440 

Industrial Screw Products 


East Hanover. New Jecs^ 


Santa don, California 


Los Angetos, California 



7-5 






Federal Supply Codes for Manufacturers (cont) 



27745 


30300 


33297 


49956 


Associated Spiing Dames Group Inc. 


General Instrument Corp. 


NEC Electronics USA Inc, 


Raytheon Company 


Syracuse, New York 


Capaciuu Div. 


Electronic Arrays Inc. Div. 


Executive Offices 


27956 


Hicksville, New Yodr 


Mountain View. California 


Lexington, Massachusetts 


Relcom (Now 14432) 




33919 


S0038 




31019 


Norlek Inc. 


Thomson Components-Mostek Corp. 


28198 

Positroiiic Industries 


Solid State Scientific Inc. 
Willow Grove, Pennsylvania 


Cranston, Rhode Island 


Carrollton, Texas 


Spiingficld, Missouri 




34333 


50120 




31091 


Silicon General Inc. 


Eagle-Picher Industries Inc. 


28213 


Alpha Industries Inc. 


Garden Grove, California 


Electronics Div, 


Minnesota Mining & Mfg, Co. 

Gonaumer Products Oiv, 


Micioelectrorucs Div. 
Hat&eld, Pennsylvania 




Colorado Springs, Colondo 


3M Center 




34225 


50157 


Saint Paul, Minnesota 


31323 


Advanced Micro Devices 


Midwest Components Inc. 


28425 

8erv-0-Link 


Metro Supply Company 
Sacramento, Califoima 


Sunnyvale. California 
34359 


Muskegon. Mississippi ; 


Euless, Texas 


31448 


Minnesota Mining & Mfg. Co. 


50541 




Army Safeguard Lo^tics Command 


Commercial Office Supply Div. 


Hyperlionics Corp, 


28478 


Huntsville, Alabama 


Saint Paul, Minnesota 


Hudson, Massachusetts 


Dcltrol Goiporaiicn 


31746 


34371 


50579 


Dellrol Controls Div. 


Cannon Electric 


Harris Corp. 


Litronix Inc. 


Milwaukee, Wisconsin 


Woodbuiy, Tsinsuee 


Hams $emicon0ijA?r 
Products Group 


Cupertino. Califomia 


28480 


31827 


Melbourne, Florida 


51167 


I'lewlett Packard Co, 


Bud wig 




Aries Electronics Inc. 


Coiponie HQ 
Palo Alto, Califomia 


Ramona, Gelifomia 

31918 


34649 
Intel Corp, 

Santa Qua, Califooua 


Erenchtown, New Jersey 


28484 


m-Sehadow 




51372 


EmUbOn Electric Co, 


Eden Prairie, Minnesota 


34802 


Verbatim GiRp. 


Guaimaalor Div. 
McHenry, Illinois 


32293 


EleCtiemOlive Inc. 
Kenilworth, New Jersey 


Sunnyvale, Catifomu 

51406 


28520 


lAtecsil 


34848 


Munta Erie, No. America Ine. 


Heyco Molded Products 


Cupertino, Galtfonua 


Hartwell Special Products 


(Also 8<« 72982) 


Kenilworth, New Jersey 


32539 


Placerrtu, Califotnia 


Marietta, Georgia 


1 29083 


Mura Corp. 


35009 


51499 


1 Monsanto Go. 


Wesibuiy, Long Island, N.Y. 


Renfrew Electric Co. Ltd. 


Amtron Corp. 


! S&nU Claifi, Lalil'omia 


32559 


IRC Div. 

Toronto, Ontario, Canada 


Boston, Massadiusetts 


29604 


Bivar 




51605 


1 Stackpolc CompCEicniB Go. 


Santa Ana, California 


36665 


CODI Semiconductor Inc. 


1 Ralci(^, North Carolina 


32767 

GiifOth PtasUos Corp. 


Mitel Corp. 

Kanata, Ontario, Canada 


Kenilworth, New Jersey 
51642 


299CT7 


Burlingame, California 


37942 


Centre Engineering Inc. 


Omega Engineering Inc. 




Mallory Capacitor Corp. 


State College, Pennsylvania 


Stamford. Connnccdcut 


32879 


Sub of Emhart Industries 




30035 


Advanced Medianical Cempenents 


Indianapolis, Indiana 


51791 


Nonhridge, California 




Siaick Ccnp. 


Jolo Industries Inc. 




39003 


Orange, California 


Garden Grove, Callfomk 


32897 

Muiata Erie North America Inc. 


Maxim Indusirisc 
Middleboro, Mantachusetts 


30146 


Cailisle Operations 


51984 


Symbex Corp. 


Carlisle, Pennsylvania 


40402 


NEC America Inc. 


Painesville, Ohio 


32997 


Rod&iBisln Electronics Itk. 
Statesville, North Carolina 


I'*alls Church, Virginia 


30148 


Bourns Inc. 




52063 


AB Entcipiiao Inc. 


Tiimpot Div. 


42498 


Exar Integrated Systems 


Ahoskic, North Carolina 


Riverside. California 


National Radio 
Mrirose, Massachusetts 


Sunnyvale, Califomia 


30161 


33096 




52072 


Aavid Engineering Inc, 


Colorado Ci 7 /stal Corp. 


43543 


Qrcuii Assembly Carp. 


Lacevtia, New Hampshire 


Loveland, C^’orado 


Nytrortics Inc.(Now 53342) 


Irvine, Califomia 


30315 


33173 


44655 


52152 


ItrtBi Corp. 


General Electric Co. 


Ohmite Mfg, Co. 


Minnesota Mining & Mfg. 


San Diego, California 


Owensboro, Kentucky 


Skokie, Illinois 


Saint Paul, Minnesota 


30323 


33246 


49671 


52333 


Illinois Tool Works Inc. 


Epoxy Technedogy Inc. 


RCA Corp. 


API Electmnies 


Chicago, Illinois 


Billerica, Masoachusctts 


New York. New York 


HaugpaUgc J^ng Ialand,New Y ork 
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Federal Supply Codes for Manufacturers (com) 



52361 

Canmunicition Sysumi 
PkSCitawiy, New Jcney 

52525 

Spaee-Lok Inc. 

Leieo Div. 

Buxbank, Cnlifcmia 

52531 

Hitachi Ma{;netiet( 

Edmore, ^£Kcuri 

52745 

Timco 

Los Angeles, California 
52763 

StctUOT-EleeUenk* Inc. 
CtutUnooga, Tennessee 

52769 

Spngue-Oocdman Electronics Inc. 
Caoim City Park, New Yoik 

52771 

Mcnitenn Coip. 

Amatfom DJv. 

Sanu Clan, Callfoniia 

52340 

Western Digital Coip. 

Cost* Mesa, California 

53021 

Sangamo Weston Inc. 

(See 06141) 

53217 

Techflieal Wini Pieducu Inc. 

Santa Barban, Califomia 

53342 

Opt Indiutdes Ine. 

Phillipsbiug, New Jeotey 

53944 

Glow-Lit* 

Pauls Volley. Oklahoma 



54294 

Shallcross Inc. 

Smithfield, North Carolina 

54453 

SuUina Eloeuonic Cop. 
Son Mricos, California 

54473 

Matsushita Electrie Corp. 
(Panasonic) 

SccaucuB, New Jersey 

54583 

TDK 

Garden City, New York 

54869 

Pihcr biteonaliraul Coxp. 
AdingUn Heights, Tllinrag 

54937 

DcYotuigMfg. 

Bellevue, Washington 



54590 
RCA Coxp. 

Electronic Components Div. 
Chetiy HilL New Jersey 

55026 

American Gage & Modiiiw Co. 
Simpson Elecuio Co. Div. 
Elgin, niinoia 

55112 

Ressey Capadiors Ine. 

(Now 60935) 

55261 

LSI Computer Systems Ine. 
Melville, New York 

55285 

BocquistCo. 

Minneapolis, Minnesota 

55576 

Synertek 

Santa Oars, California 
55680 

5Echicon/Aineiics/Corp. 
Schaumtwig, tltinni« 

562S2 

Utek Systems Inc. 

Olathe, Kansas 



56289 

SpragpoEkoricCo. 

North Adams, MacHchusetto 

56365 

StitkonDCo. 

Ccoponte Offices 
Palatine, Illinois 

56375 

DAL Industries Inc. 
WescoxpDiv. 

Mountain A^ew, Cslifomia 

56481 

ShuganAffodiites 
Sub of Xerox Cop. 
Sunnyvale, California 

56708 

ZilcgInc. 

CinqtbeU, California 
56856 

Vamisutf Cotp. of Tennessee 
Sevierville, Tennessee 

56880 

Magnetics Inc. 

Baltimoie, Maryland 

57026 

Endicott Coil Co. Inc. 
Binghamton, New York 

57053 

Gates Energy Roducts 
Denver, Ohio 

58014 

Hitadii Maffuloek Cofp. 
(Now 12581) 



SS104 

Sinuo 

Atlanta, Ceoigia 
58474 

Superior Electric Co. 
BiistoL Connecticut 

59124 

KOA-Speer Electronics Inc. 
Bndfoid, Pennsylvania 



59640 

Supntex Inc. 

Sunnyvale, CaUfcnua 

59660 

Tusonixlhc. 

Tucson, Arizona 

59730 

Thomas and Bens Chip. 
Iowa City, Iowa 

59831 

Scmtronics Coip. 
Watchurtg, New Jersey 

60395 

XiecrlnC. 

Milpitas, California 

60399 

Toxin Engineered Blowers 
Div. d Clcvcpak Oup. 
Tonington, Connecticut 



60705 

Cera-Mite Cotp. 

(formerly Sprague) 

Grafton, Wiaee^in 

60935 

Westlake C^adtor InC, 
Tantalum Div. 

Gxeencastle, Indiana 

61804 

M/A Com Inc, 

Budington, MassachuaetXs 

61857 

SAN*0 Industrial Coxp, 
Bohemia, Long Island, NY 

61935 

Schurterlne. 

Pbuluma, California 

62351 

Apple Rubber 
Lancasto, New Yodc 

«2793 

Lear Siegifit Ine. 

Energy Products Div. 

Sanu Ana, raUfftmta 

63743 

Ward Leonard Eketrie Co.Inc. 
Mount Vernon, New Yodc 

64154 

Lamb Industries 
Ponland, Oregon 



64155 

Linear Technology 
Milpius, Calilbxnia 

64834 

WesiMGCo. 

San Francisco, Calif. 

65092 

Sangamo Weston Inc. 

Weston Instruments Div. 
Newadc, New Jersey 

65940 

Rohm Cotp St Whatney 
Irvine, California 

65964 

Evoxinc. 

Bannockburn, Dlinois 

66150 
Ention Inc. 

Winslow Teltronics Div. 
Glendale, New York 

66608 

Benng Industries 
Fremont, California 

70290 

Ahneul Universal Joint Co. 
Clevelaad, Ohio 

70485 

Atlantic India Rubber Works Inc. 
Chicago, JUinok 

70563 

Ampentfl Ccmpany 
UniCitGiy.NewIeniey 



70903 

Belden Coip. 

Geneva, Llint^ 

710CG 

Biffibach Co. Inc, 
Faxmingdale, New Ycdc 

71034 

Bliley Electric Co. 

Erie, Pennsylvania 

71183 

Westinghouse Electric Coip. 
Biyant Div. 

Bridgeport, Connecticut 
71400 

Bussman Manufacturing 
Div. McGraw-Edison Co. 

Sl Louis, Missouri 

71450 
ers Coip. 

Elkhart, Indiana 

7146S 

nr Cannon Div, of ITT 
Fountain VaUey, California 

71482 

General Insuiunent Corp. 
Clare Div. 

Oticago, Dlinoia 




Federal Supply Codes for Manufacturers (cont) 



71590 


73445 


75378 


79727 


Mopco/Ccntiiilab 


ArnpcTM Electronic Coip. 


ers Knights Inc. 


C - W Industries 


A North Amsiicui Philipx Co- 
Fort Dodge, Iowa 


HicksviUe, New Yoric 


Sandwich, Illinois 


Southampton, Petuuylvartia 




73559 


75382 


79963 


71707 


Carlinggwiich Ine. 


Kulka Electric Goip. 


IHerick Mfg. Corp. 


Goto Cofp, 


Hanford, Conncciicui 


(Now 83330) 


Mcuni Kisco, New Yodt 


Providence. Rhode Island 


73586 


Mount Vernon, New York 


80009 


71744 


Circle F IndustricB 




Tektronij; 


Gcneml InsCiuinent Coip, 


Trenton, New Jciscy 


75915 


Beaverton, Oregon 


Lamp Div/Wofldwidc 




Tracor Liltlefuse 


Cliicago, Illinois 


73734 


Dcs Plainea, lUinOts 


80031 




Federal Screw Products Iric. 




M^rco/Electia Inc. 


71785 


Chicago, Illinois 


768S4 


Morristown, New Jersey 


TRW Lie. 


Oak Sv/ildi SystQns Inc, 


Cincli Connector' Div. 


73743 


Crystal Lake, Illinois 


80032 


h.lk UiovQ Village, Illinois 


Fischer Special Mfg. Co. 




Ford Aerospace & Communications Corp. 




Cold i^pting, Ksitncky 


77122 


Western Development 


71984 




TRW Assemblies & Fastenen Grtup 


Laboratoiies Div, 


Dow Coniing Coip, 


73893 


Fastener Div, 


Palo Alto, California 


Midland, Michigan 


Microdot 

Mt. Oonens, Mississippi 


Moutainside, New Jersey 


80145 


73005 




77342 


LFE Corp. 


A Max Specialty Metals Coip, 


73899 


AMFInc. 


Process Control Div. 


Newfliic, New /eisey 


JFD Electronic Components 


Potter & Brumfield Div. 


Clinton, Ohio 




Div. of Murata Erie 


Princeton, Indiana 




72136 


Oceanside, New York 




80183 


Ulectro Motive Mfg. Cotp. 




77542 


Sprague Products 


I'lonnce, South Cafoluta 


73905 


Ray-O-Vac Carp 


(Now 56289) 




FL Indusiiiea Inc. 


Madison, Wiscoitsin 




72228 


San Jose, CaUfemia 




80294 


AMCA IntCAiatioiul Coip. 




77638 


Bourns Insbwnents Inc. 


Continental Screw Div, 




General Instrument Coip. 


Riverride, Califomia 


New Uedford, Massaohusetts 


73949 


Rectifier Div. 




Ihiardian Electric Mfg. Co. 


Brooklyn, New York 


80583 


72259 


Chicago, lUinois 




Hommetlund Mfg. Co. Lie. 


NyLrHnicR Inc. 

New York, New York 


74199 


77900 


Panmus, New Jersey 




Quam Nichols Co. 


Shak^roof Loek Washer Co. 


80640 


72619 


Chicago, minois 


(Now 78189) 


Computer Products Ine, 


Ampuex Eleeuonie Coep. 






Stevens-Ambld Div. 


Diali^i Div. 


742J7 


77969 


South Boston. Mass. 


Qrooklyn, New Yoik 


Iftadio Switch Co. 


Rubbercraft Corp. of CA Ltd. 






Marlboro. New Jersey 


Torrance, California 


81073 

Giayhill Inc. 


726.53 


74306 


78139 


La Grange, lUinais 


0 C iilectronics Co. 


Piezo Crystal Co. 


UiinoiB Tool Works Inc. 


Div. of HydromeUls Inc. 


Div. of I^A Industries Inc. 


Shakeproof Div. 


81312 


Rodeford, Illinois 


Carlisle, Pennsylvania 


Elgin, Illinois 


Uuon Systems Inc. 
Winchester Electionics Div, 


72794 




78277 


Wato^town, Connecticut 


Dicus Fastner Co, Inc. 


74542 


Sigma InsEtumenu Inc. 




West Islip, New York 


Hoyt ElcciJnsir. Works Ine. 
Penacodt. New Hampshire 


South Braintree, Mase. 


81439 

TbeTm-0*Disc Inc. 


72928 


78290 


MansEeld, Ohio 


Gulton Iitdusuies Inc. 


74840 


Struthas Dunn Inc. 




Gudeman Div. 


IllinoLs Capacitor Inc. 


Pitman, New Jersey 


81483 


Chicago, Illinois 


Lincolnwood, Illinois 




International RecdEer Corp. 

Loe Angeles, California i 


72982 


74970 


78553 


Mvrata Erie N, America Inc, 


Johnson EF Co. 


Eaton Corp. 


81590 


Erie, Pennsylvania 


Waseca, hfinnesota 


En^eered Fastener Div. 


Koiiy Electronics Inc. 






Cleveland, Ohio 


Seattle, Washington 


73138 


75042 






Beckman Industrial carp. 


TRW Inc. 


78592 


81741 


Helipoi Div. 


IRC Fined Reeistors 


Stoeger Industries 


Chicago Lock Co, 


Fullerton. California 


Philadelphia, Pennsylvania 


$i;sith Hackensack, New Jersey 


Oiicago, Illinois 


73168 


75297 




82227 


Fsiwal Inc. 


Litton Systems 


79136 


Aiipax Corp. 


Ashland, Massachusetts 


Kester Solder Div. 


Waldes Kchinoor Inc. 


Gieahirc Div. 




Chicago, Illinois 


Long Island Giiy, New York 


Cheshire, Conneeiieui 


73293 






Hughes Aircraft Co. 


75376 


79497 


82240 


Electron Dynamics Div. 


Kua-Kasch Inc. 


Weston RubboCo. 


Simmons Fastner Corp. 


Torrance. California 


Dayton, Ohio 


Goshoi, Indiana 


Albany, New York 
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Federal Supply Codes for Manufacturers (cont) 



82305 


84171 


89536 


91802 


Palmer Electronics Coif>. 


ArtO Electronics 


John Fluke Mfg. Co., Inc. 


Industrial Devices Inc. 


South Gate, CaUTotnia 


Conuiuck, New Yoik 


Everett, Washington 


Edgewater, New Jersey 


82339 


84411 


89597 


91833 


Switchciaft Inc. 


American Shizuki 


Fredericks Co. 


Keystone Electronics Corp. 


Sub of Raytheon Co, 


TRW CapadtoiB Div. 


Huntingdon Valley, Penna. 


New York, New Yo^ 


Chicago, tUincos 


Ogallala, Nebraska 










89709 


91836 


8241S 


84613 


Bunker Ramr^Eltra Coip. 


King's ElectionicE Co. Inc. 


Aiipax Coip 


FIC Corp. 


Amphenol Div. 


Tuckohoc, New York 


Frederick Div. 


Rockville, Maryland 


Broadview, Illinois 




Frederick, Maryland 






91929 




84682 




HoneywoU Inc. 


82872 


Essex Group Ino. 


89730 


Micro Switch Div. 


Roanwell Coip. 


Peabody, MaSsichuaetlS 


General Electric 


Fieepoit, lUincns 


New Yrak, New Yoik 




Lamp Div. 






85367 


Newark, New Jersey 


91934 


82877 


Bearing Distributing Co. 




Miller Electric Co, 


Reuon Ine. 


$an Fninsisoo, California 


90201 


Woonsocket, Rhode Island 


GiuumDiv, 




Mallory Capacitoi Co. 




Woodstock, New Yotk 


85372 


Sub of Emhazt Industries Ine. 


91984 




Bearing Soles Co. 


Indianapolis, Indiana 


Maida Development Co. 


82879 


Los Angeles, California 




Hampton, Virginia 


nr 




90215 




Royal ElecteLc Div. 


85480 


Best Starry & Mfg. Co. 


91985 


Pawtucket, Rhode Island 


W.H. Brady Co. 


Kansas City, Missoud 


Norwalk Valve Co. 




Industrial Iboduct 




S. Norwalk, Connecticut 


83008 


Milwaukee, Wiseonsin 


90303 




Varo Ine. 




Duncellinc. 


92914 


Cadand, Tous 


$5932 


Technical Sales & Marketing 


Alpha Wixa Corp. 




Electro Rim Inc. 


Bethel. Connecticut 


Elizabeth, New Jersey 


83014 


Valencu. California 






Haitwell Coip. 




91094 


93332 


Plaeoitia, Califeniia 


86577 


Essn Group Ine. 


Sylvania Electxie Rtodvets 




PiecisioB Metal Iboducts Ca 


Suflea/IWPDiv. 


Semiconductor Ruduets Div. 


830S5 


i^body, Massachusetts 


Newauiket, New Hompehite 


Woburn, Massachusetts 


Signalito Fuse Co. 








(Now 71744) 


86684 


91247 


94144 




Radio Corp. of America 


niincu Tnuufoimer Co. 


Raytheon Co, 


83058 


(NowS4S90) 


Chicago, Mnois 


Mhmnvave A Power Tube Div. 


TRW Assemblies & Fasteners OtOUp 






Quincy, Massachusetts 



Fastueia Div. 86928 



Cambridge, Massachusetts 


Seostiom Mfg. Co. Inc. 


91293 


94222 




Gkndale, Califun^ 


Johansen Mfg. Co. 


Souihulne. 


83259 




Boonion, New Jersey 


ConcordviUe, Ptsnnsylvania 


Farkei-Hannifln Corp. 
0-Soal IMv. 


87034 

Elwninated Products Inc. 


91462 


94988 


Culver Gty, California 


(Now 76854) 


Alpha Industdes Ine. 


Wagner Electric Corp. 


83298 


88219 


Logansport, Indiana 


Sub cf Megtaw-Edison Co. 
Whippany, New Jersey 


Bendiz Crap. 


Os’S Jhe. 


91502 




Electric & Ruid Power Div. 


Industrial Baoeiy Div. 


Assodoled Machine 


95146 


Eatonville, New Jersey 


Longhrane, Pennsylvania 


Santa Cliia, California 


Alco Electronic Products Inc. 


83315 


88245 


91506 


Switch Div, 

North Andover, Massachusetts 


HubbellCorp. 


Winchesta ElectTonics 


Augai Ine. 




Mundelein, Illinois 


Litton Systenu-Useeo Div. 


Atrlebom, Massachuseas 


9S263 


83330 


Van Nuys, California 


91507 


Leoemft Mfg. Co. 

Long Island City, New York 


Kulks Smith Inc. 


88486 


Froeligcx Machine Tool Co. 




A North American Philips Co. 


Triangle PWC Ino. 


Stockton, Califrania 


95275 


Manasquan, New Jersey 


Jewitt City, Cramecticut 




Vitrunon Ine. 


83478 


88690 


91637 


Bridgeport, Connecticut 


Rubbercraft Coip. of America 


EtfeX Group Inc. 


Dole Eleetzonics Ine. 


95303 


West Haven, Connecticut 


Wii« Assembly EKv, 


Colum^, Nebnuika 


RCA Corp, 


83553 


Deadtom, Mi^gan 


91662 


Receiving Tube Div. 
Cinciniwti, Ohio 


Associated Spring Barnes Group 


89020 


ElcoCoip. 




Gardena, California 


AmeraceCorp. 


AGulfWestemMfg.Co. 


95348 




Buchanan Ctim[Xobl Products Div. 


CocuiectorDiv. 


Gordo's Corp. 




Uiicn, New Jersey 


Huntingdon, PCRnsylvanu 


Blocmfield, New Jeisey 


83740 

Union Carbide Corp. 


89265 


91737 


95354 


Battery Products Div. 


Potle^B^alInfieU 


m CannonJGmmar 


Meihede Mfg, Corp. 


Danbury, Conneetieui 


77342) 


(Now 08718) 


Rolling Meadows, Illinois 






Federal Supply Codes for Manufacturers (cont) 



95573 


97540 


98278 


99378 


Campion Laboiaiorics Inc. 


Whitehall Electronics Corp. 


Malco A Mlcrodot Co. 


ATLEE of Delaware Inc. 


Dislroil, Michigan 


Masua' Mobile Mounts Div. 
Fort Moyers, Florida 


South Pasadena, California 


N. Andover, Massachusetts 


95712 




98291 


99392 


Bcndix Coip. 


97913 


Sealectro Corp. 


Mepco/Electra Inc. 


EluCliical Comp. Div. 


Industrial Electronic 


BICC Electronics 


Rosboro Div. 


Franklin, Indiana 


Hardware Carp. 

New York, Now York 


Trumbill, Connecticut 


Roaboro, North Carolina 


95987 




98372 


99515 


W«kws«Co. Inc. 


97945 


Royal Industries lno.(NoW 62793) 


Electron Products Inc, 


(Now 85480) 


Peimwalt Corp. 




Div. of American Capacitors 


SS White Induatiial Products 


98388 


Duarte, California 


96733 


Piscataway. New Jersey 


Laar Jiiogtor Inc. 




Sre Technologies 




Accurato Products Div. 


99779 


San Fernando, California 


97966 

CBS 


San DeigO, California 


Bunker Rnmo- Eltn Corp, 
BantesDiv. 


96853 


Flectrtmic Div. 


99120 


Lansdown, Poiiuylvania 


Gulion Indnsuics Inc. 


Danvers, Massachusetts 


Plastic Capacitors Inc. 




Measurement & Controls Div. 




Chicago, Illinois 


99800 


Manchuaier, Now IlampchirB 


98094 


American Precisim Industries 


Machlett Laboratories Inc. 


99217 


Delevan Div. 


96S81 

Thomson Industiies Inc. 


Santa Barbara. California 


Bell Industries Inc. 
Elect. Distributor Div. 


East Aurora. New York 


Port Washington. New Yoik 


98159 

Rubber-Teck Inc, 


Swinyvale, California 


99942 

Mepcc/Centralab 


97525 
EECO Ine. 

Santa Ana, CalifomiB 


Gardena, California 




A North American Philips Co. 
Milwaukee, Wisemsin 
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Appendix 7A 

Manual Change Information 




m 





7A-1. INTRODUCTION 

This appendix contains information necessary to backdate the manual to conform with 
the earlier PCB configurations. To identify the configuration of the PCBs used in your 
instrument, refer to the revision letter (marked in ink) on the component side of each PCB 
assembly. Table 7A-1 defines the assembly revision levels documented in this manual. 

As changes and improvements are made to the instrument, they are identified by 
incrementing the revision letter marked on the affected PCA. These changes are 
documented on a supplemental change/ errata sheet which, when applicable, is inserted at 
the front of the manual. To identify the configuration the PCAs used in your Generator, 
refer to the revision letter on the component side of each PCA. 

7A-2. BACKDATING INSTRUCTIONS 

To backdate this manual to conform with an earlier assembly revision level, perform the 
changes indicated in Table 7A-1. If this manual documents all PCAs at their original 
level, no changes are necessary, and no changes will be indicated in Table 7A-1. 




7A-1 







Table 7A-1. Manual Status and Backdating Information 



REF 

OR 

OPTION 

NO. 


ASSEMBLY 

NAME 


FLUKE 

PART 

NO. 


'To adapt manual to earlier rev configurations perform changes 
in decending order (Oy no.), ending with change under desired rev letter 


B 


Q 


E 


B 


E 


B 


E 


E 


□ 


D 


ID 


ID 


IQ 


D 


□ 


■ 


■ 


li 


■ 


■ 


1 


■ 


A1A1 


Display PCA 


738609 


E 
















1 






















! 


! 


! 


A2A1 


Synthesizer PCA 


792812 


E 
















1 






















1 


1 


I 


A2A2 


VCO PCA 


748780 


E 
















1 








1 
















1 




A2A4 


Output PCA 




E 
















1 








1 
















I 




A2A5 

A4 


Attenuator/ 
RPP PCA 




B 
















1 








1 
















1 






Relay Driver/ 

RPP Control PCA 


752816 


X 
















1 




1 


1 


1 
















! 






Controller PCA 




E 
















1 




1 


1 


1 
















1 




A2A8 


Non-Volatile 
Memory PCA 


744094 


E 
















1 




























A3A1 


Power Supply PCA 


744052 


B 
















! 










1 


















-130 


High Stability 
Reference PCA 


744102 


B 
















I 




























•132 


Medium Stability 
Raference PCA 




B 
















1 




























-488 


IESS-488 PCA 


738617 


X 
















1 




























-651 


Low-Rate PM PCA 




B 
















1 








1 




















■ 




■ 


















1 




























■ 






















1 


1 
















































1 


















































! 


















































I 




1 














































1 


















































1 
































■ 


















1 


1 








1 



















* X The PCS revision levels documented In this manual. 

• These revision letters were never used In the Instrument, 
->■ No iwlslon letter on the PCS. 

Change did net alfect manual. 
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SCHEMATIC DIAGRAMS 



MNEMONIC 




DESCRIPTION 


SIGNAL TYPE * 


A 0-1 S 




Address 


B 


A12DB 




Attenuator 12-d6 Section Control 


L 


A24(1-5) 




Attenuator 24-dB Section Controls 


L 


A6b0 




Attenuator 6-dB Section Control 


L 


BAB 0-3 




Module Section Address 


H 


0D 0-7 




Module Section Data 


S 


BSEL 0,1 




Module Section Select 


L 


CKN 




N-Oivider Clock 


L 


CLR 




Display Clear 


L 


0 0-7 




Data 


6 


OBZN 




Read Enable 


L 


00 t>-7 




Display Data 


B 


DIG 




Display Digit Select 


L 


EXREF 




External Reference Control 


L 


exTAM 




External am Control 


L 


EXTFM 




External fh Control 


L 


FIL 1.2 




Display Filament Supply 


AC+DC 


FM 0-9 




FM Deviation DAC Control 


H 


FMEN 




FM Enable 


H 


Fmrng 0-2 




FM Range Control 


H 


FMV 




FH Audio 


AF 


HAOCT 




Half-Octave Control 


H 


HET 




Hot (Low) Band Control 


L 


HSOPT 




High-Stability Option Installed 


L 


lEA 13-15 




IEEE Address Bus 


B 


lEAOR 




IEEE Address Latch Enable 


L 


lECS 




IEEE Chip Enable 


L 


ISO 0-7 




IEEE Data Bus 


B 


IE OB 




IEEE Read Eoable 


L 


lEIN 




IEEE Option Installed 


L 


JSINT 




IEEE Interrupt 


L 


lEW 




IEEE Write Enable 


L 


INTAM 




Internal AM Control 


L 


xntfn 




Internal FM Control 


L 


KBIN 




Keyboard Input Select 


H 


KN 0-9 




PLL Gain Compensation OAC 


H 


KNV 




Main PLL Gain Compensation Voltage 


DC 


KV 0-9 




vco Compensation OAC Control 


H 


UEV 0-11 




RF Level DAC Control 


H 


LRFM 




Low-Rate FM Option installed 


L 


MF400 




Modulation Frequency Control 


L 


HID 




Mid Band Control 


L 


MLEVHI 




External Modulation High-Level Status 


H 


MLEVLO 




External Modulation Low-Level Status 


H 


MODE 




Triple-Modulus Prescaler 


L 


NVCS 




NVM RAM Chip Select 


L 


NVEN 




NVM Enable 


L 


NVIN 




NVM Installed 


L 


RIN 




10-MHt Output Buffer Enable 


H 


RMUXD,1 




Reference Multiplexer Select 


H 


ROPT 




Rear Output Option Installed 


L 


ftPP 




RPP Option Installed 


L 


RPRST 




RPP Reset Control 


H 


RPTftP 




RPP Tripped Status 


L 


SEfi 1-3,9 




Display Segment Select 


L 


SHEN 




Sub-Harmonic Reference Control 


L 


SHET 




Synthesizer Heterodyne Control 


L 


SHREF 




Sub-HarmOnic Ref Option Installed 


L 


SHTUNE 




Sub-Harmonic Ref Tuning Voltage 


DC 


TBOOT 




Output Test Bit 


K 


TBSYN 




Synthesizer Test Bit 


H 


TRMOO 




Triple-Modulus Prescalar Select 


L 


TRSEQ 




Remote Sequence Trigger 


L 


TUNE 




Main PLL Tuning Voltage 


DC 


UNLOK 




PLL Unlocked or OvermOdulated Status 


L 


UNI.VL 




ALC Loop Unleveled Status 


L 


WE 




Write Enable 


L 


XOEN 




10-MHz Crystal Oscillator Control 


L 


* S-ix SIGNAL types 


are 


listed in the following: 




0C= DC Control, 








AC= Line Frequency 








AF= Audio (modulation) 


Signal 




L = Logi c (binary) 


signal, active low at the source 




H = Logic (binary) 


signal, active high at the source 




0 B Dynamic bus 









Figure 8-1. Mnemonics 
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SCHEMATIC DIAGRAMS 



MuLitpath Interconnection 



3^ r2 



Printed Capacitor 



DuaL-Pin Connector Service Aide 






Feed-Through Capacitor 



Dual-Pin Connector Test Point 



(i) 



Test Point 4 



Diode, General 



Diode, Varactor 



— «l 



Test Point 5, no post 




Diode, Pin 



Microstrip Transmission Line 



Diode, Zener 



StripLine Transmission Line 



Diode, Schottky 



Printed Inductor 



1 \f yi L 



Factor Selected value 



Figure 8-2. Schematic Symbols (cont) 






SCHEMATIC DIAGRAMS 



Value Has Changed 



Plug-In Connection, 
Male and Female 



Screw Driver Adjustment 



Plug-In Connection, 
Transmission Line 



Front Panel Designation 



-O— ) >— 



RF output! 



Rear Panel Designation 






Rear Panel Screw Driver Adjustment 



Soidered-In J umper 



Interconnection Informat 






Coax Connector^ Female 



Earth Ground 




Coax Connector, Male 



Chassis Ground 



Common Connection (PCB Ground) 



Non-Plug-In Connection 



Coax Cable, Soldered In 



Z2lf- 



Figure 8^2. Schematic Symbols (coni) 
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800/40 MHZ PLL 



0 800 MHZ 


















8*5 
















Sid 



SCHEMATIC DIAGRAMS 




Figure 8-4. Output Block Diagram 
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/ 



SCHEMATIC DIAGRAMS 







Figure 8-4. Output Block Diagram 
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i.'i %-s 

S»i /<6-2 















8' 5 
SUt 























SCHEMATIC DIAGRAMS 




Figure 8<5. A1A1 Display PCA 
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MODULATION FREQUENCY DISPLAY 



Jt^ ?' 5 <^Ord) 
SHr 





SCHEMATIC DIAGRAMS 



PS Cccn-h) 



nON FREQUENCY DISPLAY AMPLITU 




DISPLAY CONNECTION INPj 

I 

'meric suffix identifies display field) ' 

jbscript identifies display segment) 



Figure 8-5. A1A1 Display PCA (cent) 
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SCHEMATIC DIAGRAMS 














AMPLITUDE DISPLAY 








1 & 


7 11 










LOU^ 






\Z \5 



\&> 19 



olo 

UjU 



G14 G15 



0“ 

.Ll‘ 

■i I olo Id 

lJLI.iLI.iU. 

ISTEPi RELI 

SI ‘ S2 ‘ 

G2 ! G3 ! G4 



/jVd 

mVe 



aMAN 

bSGL 

cAUTO 

ASYM 
di e 



a EXT REF I 
bREJ ENTRY I REMOTE^ 
cUNCAL |ADDRb 
dRFOFF I SRQe 



PIN NO 1 2 3 4 e> ^ 7 S 9 1 1 13 i4 iS ifc I7 /8 

CONNECTION F Ii ‘n|, *9 ^ ’’b ^ P fcl 6E S 3 64 6S G6 67 as 



DISPLAY CONNECTION INFORMATION 



Pigur« 8-5. A1A1 Display PCA (cont) 
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FROM CONTROUUE.R A2A7 SWITCH BOAeO A1AZ 



CtOr&) 

Slct 



DISPLAY CLEAR— \ 

+5V > 

CI3 R\ -r 
H(-t— vw — 1 
6 7 

9| C Rcje 

— A Q 
UM 

10 74LSI23 12 , 



C3 






17 J 5]3 



CI6.., ,1 



DPg 

DD2 
^DD3 
Db4 
'DD5 
'OD^ 
D06 '~DD7 



r1 ui 

CLR 



.. I 



74L^7l 



? KSI, 


2fiN'7 


5 KS2. 


§ afe 


6 , 

9 KS4> 


— 7K 

'lie- 


19 KS5> 




tR K56J 




tCS7j 


4bvt5 ^ 


la KSSJ 


--^ - SJufi- 











isj 








z\ 




— 


—4 



3 


/ 

DD3 ^ 


5 


DD4 


7 


DD5 " 









74L5EI 



CLRL>f^ 

-5V>lf 

+5V >t^ 
437V 

GROUND >1^ 

ground 



r(S ^OISPLAVCLFAR-n 
|( I ... _ 4fiV I 

, I c " RC v«}^ 
^ A U,l Q 13 
^2 74L5IZ3 

® 5 ± I— 

CLR I 

3T 



DD0 


-S. n 


,1 V? 




Jl— 




Pop 


DDI 


4 


Q S 








slfe.Bs, 


DD2 


7 D 


Q G fc 


■luh> 


I2_ 




' Pf 


DD3 


« n 


n ’ 








02^ 


"004 


'3 D 


Q 12 e 




n 




PP 


^DD5 


14 ? 


S ,5 ” 


tp 






silfc 


'pDfc 


'7 1 oii£ d 




IS 


— p 






J2. D 


“‘•-QiZ 






-M§ 






A aR 

" >CK 


vz 








7 




„ ^ 




+37K 


CIO 

Hfr^ 








-y->CK 


U3 


in 


ud)^ 


6118 


SPLCS 


DD0 




«1 




IS 




Rx. 


DDI 


^:74i5m:[s 








^ It Pp ^ 


■DP 2 


7 0 


'6 6 






[I^ 




DDs3 


s'? 


0 ^ 


-|Ug> 




-2ij 




■PD4 


'3 n 


0 12 8 


4iJ6> 


II 






DD5 


"*C 


? IS 


11^ 




® [le 5 


vl4. ^.y 


DD6 


17 ? 


: iG 4 




.5 




^ Ri. 


.DD7 




Q — 

Q J2_ 

I+5V /-.A*T7V 


T7T 


JUT 




07 FU. 
'9 



■ Icz. 

••^•7/^TIO/IOY 



UDN6I6’8PLC5 






02Q 


I 

1< 

l_ 


r 

> 

> 

4 


0 

7 


r 

» * 

8 


m 

2 6 


5 9 


\ZZ 

[I.OK ^ 

.J 


6 


II 




DD 0 i 


vpp0 


_L^ 

3 


:; 17 










DOt j 


^ I4» 










DD2 


.DDI 


4 


.115 








DD3 j 


.DD2 


_L 


1, 13 






DD4 


.DD3 


a 


:iie - : 




DD5 


^o±_ 


J3. 
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tUR 
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D a 
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JlOt 
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Id 07 18 i 
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GND SCREWS 



DATA 
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DATA 
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C3 



V 

S /L^n V 
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'doi 


4 
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7 
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8 
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12 
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3 


DD\ 
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.002 


7 


.003 

nn4 


8 

l3 


.005 


14 


-DD6 


17 


.007 


J0 
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3 


.DDI 


4 


,002 


7 
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„ UDN4M8-SPLW 



q A. 
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7t 
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Figure 8-5. A1A1 Display PCA (cent) 
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Figure 8-6. A2A1 Synthesizer PCA 
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Figure 8-6. A2A1 Synthesizer PCA (cont) 
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Figure 8-6. A2A1 Synthesizer PCA (cont) 
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Figure 8-6. A2A1 Synthesizer PCA (cont) 



Sk± 



SCHEMATIC DIAGRAMS 



PHASE DETECTOR' 



“3] ai3 



I iPsa ! 

;lCM6 >4.99 K ; 
ITIOOPF^I/SW, \%\ 

! 

I 



.PEMOI/EO WHEN 
OPTION-651 
INSTALLED- 



-LDWPASS FILTER - 

RZIS CR‘5,HP25ll 

riooiww""*^ 

CRiO.HPZSIl RZt6 



®»KWlT®40m 

^NorcH 



T-WAK 



TCI24'^*''" rJXJ\ 
.±.0% ±IOM 
PiViCDV V. 1 



iiat© 

X IO/ 3 SV I 

VP 4 C)t 9 CR&. 



•H5V +I5V 

,020 Lp?'' 

2WT vP3 

L-J— 2<-l! 



Rioo 

CX7 oca i;sK 



•TO MAIN VCO 
A2A2 



PI02 

■<TUNE 



+VVAI? 



4^ i 

l/8W,l%| 



02Z i 



QZI 

2H390+ 



“ISVpD 



Riot 
roo’ ^ 

l/SW, 



KIOZ 

lOK 

-►yVAR 



U 90 

CT-fe 

^r.T 1,^8 

Ttr^ 



ic.rai 
P4^ ^ 



DIGITAL* 

10PTU?MAU 
, V0W KESO 



^ U49 

X LM353 

'K 



■VCO CUMP 



I CRI7 



TL I 



UNLOKL 

T0 0LrTPUTA2A4 

.UNLOKL 

TO lOMHE, S-HE&T4- 



6060B-1017 
(3 Of 5) 



Figure 8-6. A2A1 Synthesizer PCA (cont) 
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Figure 8-6. A2A1 Synthesizer PCA (cent) 
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Figure 8-6. A2A1 Synthesizer PCA (cent) 
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Figure 8-7. A2A2 VCO PCA 
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Figure 8-7. A2A2 VCO PCA 
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Figure 8-8. A2A4 Output PCA 




r ROM Q 3 0-4 

r-) 



















SCHEMATIC DIAGRAMS 



SM.a<g3 




8-18 









-^^c^ematic diagrams 



WOOULATOR 



aPND-^v»a 



,2D'dB AMP- 
INPUT 
LIO CZ3S 
^(DHfcETi) 



’CRll© 

^ 50e»2- 
3-57^ 



CKJ20 -< UK 
• 5002- 
3379 

eiZ2 ^ 

39 

'/feW 



: Ri4fl 
’ IK 
l/BW IT» 






: RM9 
’ (K 



040 

leoppF 



MsW 1% 
CRI2J 



n 4*1 w 

i/©w i% i/aw 1% 






JN7SIA 

3*.^ 

SI3Z, 24.3< 



/C14> 

■x>o»; 

RI2B, U4K 
J/6W 1%. 




KI33, CiaU>K. 

I/&W I9b 



KI29. I24< 
VVV — 

i/ew i 9 i. 



MOOULAPDR 

LINEARIZER 



K.I3G, Z»93K 
1/ftW I'fc 



PIOI 

UNLVL 

JO 

CONTKOoeK 

A2A7 



S+5V 



NOTES: (.UNLESS oTHeRWisE sp&cjpieo) 

I. ALL KE51STOK VALUES AF(E IW OHMS. 

ALL RESISTORS ARE. IK-W, 

Z. ALL CAPACJTOP. VALUES ARE IN MICRDPAKADS. 
3. ALL CHOICE© ARE lOTURN BEADS. 

■t THE 5yMBCL*'-ft-*lMDtCAT£S TRANSMISSION LINES OP 
OTHER THAN SO OHM IMPEDANCE WHICH CONSTITUTE 
CIRCUIT ELEMENTS. 

SO OHM TRANSMISSION »TWS ARE NOT 
INDICATED. 

L5> CRIZ6 AND CRZ02 ARE A M ATCHED RAlR. 

6. SYMBOLS SHOWN IN DOTTED LINES 
REPRESENfT COMPONENTS WHICH ARE 
PRINTED ON THE ClBCUrP BOARD. 

- 7 . SYMBOLS SHOWN IN ^ ARE OPTIONAL 

COMPONENTS AND ARE MOTTO S£ INSTALLED. 



'Sw^l^ CRII 3 0R12+ KI3& 
FPH9Z74- rwfiZn IU9K 

" — w W — 

. 1/aw 

. S/f., CRI2S. IH/49A 

I I/6W 1% 



SR 


UIOIB 
1 LF353 


CMS 

.__ii C 




^ DETECTOR 
^ OPFSET 


•01 


j 

1 

OIOS 


/ 

V 




CR1Z6 


2N330A 



/ QlOA 
2N330S 



RKS SS.SK 
l/flW I To 



HECTOR UlNEARlZEfyLOOP AMPLIFIER 



05CWXXX 

[S> 



DETECTOR DIODE 

, FTCWV 

-S Lin 

(SHEET t) 

* RlA4> 43.3K 

vaw iTo 

RITT iDK 
VSW 17* 



Figure 8-8. A2A4 Output PCA (cont) 
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Figure 8-8. A2A4 Output PCA (cont) 
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Figure 8-11. A2A7 Controller PCA (cont) 
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Figure 8-11. A2A7 Controller PCA (cont) 
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Figure 8-11. A2A7 Controller PCA (cont) 
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Figure 8>12. A2A8 Non-Volatile (Store/Recall) 
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Figure 8-13. A3A1 Power Supply PCA 
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Figure 8-14. A3A2A1 HIgh-Stabilily (Ovened) 
Reference PCA (Option -130) 
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Figure 8-15. A5A1 Medium-Stability Reference PCA 
(Option -132) 
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Figure 8-15. A5A1 Medium-Stability Reference PCA 
(Option -132) 
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Figure 8-16. A3A3A1 IEEE-488 Interface PCA 
(Option -488) 
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Figure 8-17. A2A9 Low-Rate FM PCA (Option -651) 
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Figure 8-17. A2A9 Low-Rate FM PCA (Option -651) 
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from Non-Voiatiie 




■XA4c.rnrccH6r\ Caxc^ 



VTOR INFORMATION CARD 

SPECIAL FUNCTION OPERATION 



(Press the [SPCL] key, then press the 
2- digit code) 



The two-digit code consists Of a class numeric followed by a mode numeric. The 
activated modes of classes 2 through 9 are shown in the FREQUENCY display 
field while the [SPCL] key is pressed. For example, reading from left to right. 
01000201 indicates that relative amplitude, slow key-repeat-rate, and amplitude 
fixed-range are selected. 



Code 


Function 


Code 


Function 


00 


Clears all special functions 


20/21 


Disable/enable relative freq. 


02 


Initiates self test 


30/31 


Disable/enable relative ampi 


03 


Display check 


40 


Not used 


04 


Key check 


50 


Not used 


07/08 


Set/resei SRQ 


60 


Not used 


09 


Display S/W rev & instr ID 


70/71/72 


Medium/fast/slow key-rep-rate 


10 


Display IEEE-488 address 


80 


Enable amplitude correction 


11 


Display self test results 


81 


Disable all level correction 


12/13 


Turn on/ off Display 


82 


Disable attenuator correction 


14 


Initialize Memory 


83-86 


Program alternate 24 dB atten 


15 


Latch test 


90/91 


Disable/enable ampi fixed-rnq 


16 Display Option Loading 






SELF TEST RESULTS (Press the (SPCL] [1] (1) 


keys to display the results) 



The self test results are reported in the four display fields a$ follows: 

ddd 



aaa 



•bbb 



ccc 



AM/FM Tests 



AmpI Tests 



Freq Tests Digital Tests 
Self Test incomplete 
000 000 000 000 indicates all tests passed. 

MEMORY 

Instrument settings may be stored in locations 01 through 50 and later recalled 
from Non*Voiattle Memory. Location 98 contains the instrument Preset State. 
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